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 3 
Ǽʥǻ  
Ȕɉ  
                                     
 ƖǵƘŢȼ-ɫį.ǖʘB¬%"ǯǹ<Ę4%"1952ĸBriggs) King
.LJʣEpLbzMJʤBǘ'ǣǖ-íƀƉ-ȊȦƖBƖBʅç
"åěʣʅƖåěʤ,ǵƘ>ġʞBȻ%" -ȍƒ>ǣǖXcW4
(-¨ȊȦƖBʅƖåě,ǵƘ'8ƣĵ,ǣǖ'ś¨,4(ɮ>ǣǖ
-ɫC#ȥ-¨ȊȦƖBǵƘ>)ƢǼ, -ǣǖȧ×ĖA?':)
ž<)+%"[Briggs and King, 1952]ǣǖÍƉ-ȊȦƖ(?/ÊÝìɦŒB
Ƈ'>ǣǖɫC#ȊȦ.ìɦŒBƇ'>;,ŐA?"
Gurdon.K^wW|PV-ĬȫǦȊȦƖBʅƖåě,ǵƘ"ȍƒś¨
4(Ȣ'>),śØğÃ,ÊÝ"ś¨-ȊȦ(8ÊÝìɦŒBƇ'
>)ž<)+%"[Gurdon, 1962](ɹɄ+).Briggs) King,
;%'ɿǣǣį"ƖǵƘŢȼ,;%'
RjyrQy)ɹɄ
+ǮɅBŊ")(> -ňɾƀBȌ'mbW,ȑ[Wilmut et al., 1997]
wHX(8¨ȊȦƖǵƘPċó?>,ȱ%"[Wakayama et al., 1998] 
 ƖǵƘŢȼ-ƽƲ. -ǖǉĝǥ+Ȳõ,;>8-(>)ŭħ?>
Briggs) KingGurdon<-ġʞ.Óɥ-ɧ=ȊȦŧ&ÊÝìɦŒBɎž>
"7,ƖǵƘBǘ"ƖǵƘŢȼ-Ƈǘ+Ǆ.ǖǉĝǥǋŒBɔ2>"7#
(+ -ÕǗǉ)'PÜǉªś(>),8>P
Üǉ.fg)'ǘ"´¨-ɲ¤ǥ,Ć+So(> -ȍƒƖǵ
Ǽ 1ǻ 
 4 
Ƙ-ŏǘÏǘ)'ÆǖàǡǖǉɁÔ-ªśǚǗǷ-±Ĝǽìȧ(
> 
 ɣĸRjy DNA 9mXe+*-^lPɛ<Ɯś?>Pw`-
Ýĝǥ4".Ɯɩǥ+³ʛ,;>ɲ¤ěǣǒÐŋƠƜ-ĜĄǮ<?>;,+
%'" [Reik and Walter, 2001]-;+ÐŋBJoWIicFPX
ʣepigeneticsʤ)ɉǣǖɭǶ(ǱǺ?-ĔƝ+wP,ƫ%'ɲ¤ěǣ
ǒɂʊ,Ðŋ?'>úʘ,>ÍƉȥ9ǖƦȊȦǣǖ(.-J
oWIicFPX_GgxaP,ĒÝ>)Ǯ<?'>[Hackett et al., 
2012; Sasaki and Matsui, 2008; Surani et al., 2007]ǋ,wHX.ɲ¤ǥ,ȇÝ
"ɣȅ9ɲ¤ěŰĒȅȏ-ĜĄĔƝ+ɈƑb?4(,ȷǸ?'
"Ɲ	+ǮɅ+*-ǔǙ,;=JoWIicFPXǯǹ,ĺǘ<?'=
X Ɠȵ¨ƱŒÝƠƜ[Augui et al., 2011]Óɥ-RjyrQxQ
[Buganim et al., 2013; Zhou and Dean, 2014]ɲ¤ěǞŔ9Ǣ+*-ǣǠƠƜ
[Dawson et al., 2012; Portela et al., 2010]+*(ɹɄ+ǮɅB8"<'"+
(8JoWIicFPXzLhYy-&)'Ǯ<?>RjyGrc
FQ-Ɉž,'wHX.ɹɄ+ŅÖBƒ"'"RjyGr
cFQ.ǫǏúʘ,'ǋĠ-ɆǙƐE(ɲ¤ěǣǒB±Ɏ>"
7-zLhYy(>[Kaneko-Ishino et al., 2003; Reik and Walter, 2001]Gr
eɲ¤ě.ɆE(ʏĆǽ+ǈɆŒǣǒBǲ?.ɆE-$
?,Ù?"JoWIicFaPwP,;%'Ŀɝ?>)
Ǯ<?'>-RjyGrcFQǯǹ,wHXǘ<?'>ɹ
Ʉ+Ǆ-&.ɣȅ)ɺǖǙƐȅȏ-Eʀ-čĊĔćʣsingle nucleotide 
Ǽ 1ǻ 
 5 
polymorphismʧSNPʤBɈƑ>),;=ȄěǙƐ-ǇŒE)åěǙƐ
-ƧŒEBßÎ(>"7(?,;%'Eʀ-ÐŋƠƜBɑȊ,ɇ
ħ>)ÈƐ><,wHX)ƖǵƘŢȼ-ȋ5îA.JoWIic
FPXǯǹ,'ŀÏǄ,+>)ȟ<?>ɧĵƖɷBǘ"ɈƑBġ
Ż>)ƖɷɻáÊɻĜĄ+)Ţȼǥ,āʌ+ƣǱ+ŕċB8
"<).ʌRjyǍŗBɈƑ>ĺǮ<?"żĜ-źƭʣ­/Ġ
ɻ RT-PCRDNA z`ÝɈƑCHIP VPJX+*ʤBãȊȦ,Ïǘ
>,.ǒĄ-)@Ðʃ>?BŠǰ(>-ƖǵƘ(>ãȊ
ȦBfg)'ǘ"ƖǵƘǙƐȥ.fgȊȦ-JoRjyŕċBʣ>
ǶĻʤ±ŧ"44ǣǖ-ȥ.Ć+JoRjyBƇ>ƖɷBáÊ,±
ŧ'>)ȟ<?>RjyGrcFQ,'.¨ȊȦƖǵƘ
Pȥ(Greɲ¤ě-ǈɆŒǣǒɰË,Ȓŧ?Gre
ɌřƖǵƘ,;>rQxQ,;%'?+)ǲ?'>
[Inoue et al., 2002];%'RjyGrcFQǯǹ,wHXBǘ"Ɩ
ǵƘŢȼBǘ>)(ãȊȦRjy-GreǍŗBɑȊ,ɈƑ>
)ìȧ)+> 
 ¡<ƖǵƘŢȼ.ġǘǨǥJoWIicFPXǯǹ-Ǩǥ-"7,8
ŀ×+b(>)ȟ<?> (ƌǯǹ(.?4(-wHXƖǵƘ
PŢȼ;=8<,ġǘǥ,ǘ>"7-ƖǵƘVXcy-ƜȁBǨŨ
ƋƗȺǓȊȦBǘ"Ź"+ªśƭ-ɿǣBǨǥ)"4"ƖǵƘŢȼBǘ
"JoWIicFPXǯǹ{dBɀŀ>"7,RjyGrcF
Q,ǭǨwHXʇŒǖƦȊȦʣÓȄæȊȦʤBfg)"PȥBɈ
Ǽ 1ǻ 
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Ƒ>)(ǇŒGre-ǱǺ,&';=ɑȊ+zLhYyBɅÈ
)BǨǥ)" 

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Ǽ 2ǻ  
ƖǵƘŢȼBǘ"PÜǉ-  
Ź"+ªśƭ-ɿǣ  
ŌɻƋƗȺ,ǙƐ>ȺǓȊȦƖǵƘPwHX-  
ªś,&'  
                                                         
 
2.1. Ȕɉ  
 
 ƖǵƘPŢȼ.ÆǖàǡǖǉɁÔ-ªśǚǗǷ-±Ĝ+*Ɲ	
+Êɺ(ŏǘƉŇ?>[Meissner and Jaenisch, 2006; Niemann and  Lucas-Hahn, 
2012]ƖǵƘ-ŢȼǥɄÿ;0ǖǉĝǥɄÿ,;=Pȥ-ǣǖȧ9Ǘ
-·ļǍŗ,Ɲ	+ńʑB>)?4(-ǯǹ(ž<,?'"
[Inoue et al., 2003; Oback and Wells, 2002; Ogura et al., 2013]?<-Ʉÿ-(8
fgȊȦ-Ƿʘ.ɹɄ+Ʉÿ-&)'ȟ<?'=4"ƖǵƘŢȼ-
ÛǑŰý,ð"ĩɘ)'ɾǯǹ?'"[Inoue et al., 2003; Oback and 
Wells, 2002; Ogura et al., 2013]ǖĜPǗB;=ʡÛǑ(ǐŊ>)
ɇǄ<fgȊȦǷăƇ-RjyÍƉÝȧʣRjyrQxQʧ
Genomic reprogrammingʤ,ǭǨfgȊȦǷɱŦ?'"ġ
ǘʐBȟŘ>)wHX´¨1-ē¼BƅĬʃ,ţ"ʏ°Ƀǥ+þé;0
ƾ»9fgȊȦǷBǘ>)ɹɄ(>?.ʏĵ,əɹ+
´¨9ǖ'>´¨û(%"Čî,ǋ,ɹɄ(>Ōɻ-ƋƗȺ
Ǽ 2ǻ 
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,ǙƐ>ȺǓȊȦʣǤȺǓʤ.Ɍ-ȊȦƏ¢BƼ"fgȊȦ)'Ɖ
Ň(>ȺǓȊȦǙƐPȥ,ǙƐ>ȥŒĹȊȦ(nuclear transfer 
Embryonic Stem cellʧntESȊȦ)Bǘ"NzwHXB"PwHX
- F1Ǘ-ªÈ.ċó?'>[Wakayama et al., 2008]ƋƗȺǓȊȦƖ<
ǩŬPwHXBªÈ"ċó.3)C*+?'+ƋƗȺǓȊȦ(
.+lȀ[Hochedkinger et al., 2002]ʟʠ[Sung et al., 2006];0ȡȰ
[Inoue et al., 2005],ǙƐ>lǓ<PwHX-ªÈċó?'
>lǓ.ɲ¤ěÆƜśɝ%'>"7fg´¨-RjyŕċB
ğÃ,PhQ'<ġǘǥ+PÜǉ-ªÈ,.ɰ+ 
 ƌǯǹ(.ǖ'>fg´¨<ūê"ƋƗȺǓȊȦBÏǘ'P
wHX-ªÈBɐ5" 
 
2.2. ƍŷ)źƭ  
 
% 
 B6D2F1ʣC57BL/6  DBA/2ʊǷʤʉwHXʣŽƌJXJVƕľ£ǳʤ
Bfg´¨)'ÏǘåȊȦ;0ƋƗȺǓȊȦBŊ"ƋƗȺǓȊȦ
BŊ>"7,Oct4-GFPɲ¤ěŰĒʇwHXʣGOF18-DPE-GFP [Yoshimizu et al., 
1999]ʤDppa3-Venusɲ¤ěŰĒʉwHX129XB6-PʉwHX) 129XB6-Fʉw
HXBÏǘ"Oct4-GFPȅȏ. B6D2F1ʉwHX) 10 ¡,A"=Ş
ɵ,;%'Ȓŧ?'=845ɪʢ(¬ǘ"Dppa3-Venusȅȏ.B6D2F1 
 B6ȥ-ÓƖ, DNABƯÂ>),;=ªÈ?pDH_ʇwHX
Ǽ 2ǻ 
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. B6ʉwHX)ɵF2;0 F3 -ʉwHXBfg´¨)'50
80ɪʢ(¬ǘ"129XB6-P;0 129XB6-Fȅȏ. 129) B6-ʊ,;%'
ªÈ?"SngeGqaf(RI)ȅȏ(Ȇ 8ɪʢ-ʉwHXB¬
ǘ"ʣǔÝĝǯǹşkGK\XZ^ʤ816ɪʢ- ICRʉwHXʣŽ
ƌPEƕľ£ǳʤ.ȥǵƘVoJewHX)'¬ǘ"Ã'-Üǉ.
ǅžƏ¢ʣ07:0021:00ʤ;0ǋĠǟæ¨ĄƏ¢(ʚȢ?Ã'-Üǉ
ġʞ.ǔÝĝǯǹşǾƮƚş-ġʞÜǉĨƔęù£-šɒ(ġŻ" 
 
	
(*. 
 ƋƗȺ.slSeMXǿʣDrummond Scientific CompanyʤBǘ'Į
ʎȨ<ūê"ūê"Ⱥƴ. 0.1M EDTAʣ1020 µlʤBƶÙ" 1.5 ml`
}q,ǵɜȺǓƿɈkapDʣ155 mM NH4Cl, 10 mM KHCO3, 2 mM 
EDTA, pH 7.2ʤ(ÇǔɯōÊʋʣ1200g, 5Êʤ,;%' 3þưƳ"ɯ
ōÊʋňȺǓȊȦ-taeʣǤȺǓ)ƿɈ?"ɜȺǓƥƺBñ6ʤ.Hepes
ȕȽ KSOMĉąʣHepes-buffered potassium simplex-optimized medium [Lawitts and 
Biggers, 1993]ʤBǘ'Śǂ-Śǂƴ,ñ4?>ǤȺǓBƖǵƘǘfg
ȊȦ)'¬ǘ"ȺǓȊȦŚǂƴBlǓǋǜǥȹ¿ƞɗP`
ʣfluorescein isothiocyanate (FITC)-conjugated, pure Phytolacca americana-derived 
lectinʧPWMʤʣEY Laboratories, Inc.ʤ(Çǔȹ¿ʗŌɽ(ɇħ;0ȹ¿
ƱŒÝȊȦɱÎʣfluorescence-activated cell sortingʧFACSʤBǘ'ɈƑBȻ
ȊȦTGY,;%'ǤȺǓȊȦǷ-ɱÎBɐ5"-ȊȦTGY,;>ɱÎ-
ȄĻBǱɒ>"7,¶ǺʗŌɽ(ɱÎ?"ǤȺǓBXGfMX,
Ǽ 2ǻ 
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ȚTGeXoʣThermo Fisher Scientific Inc.ʤʣ600rpm, 2ÊʤBǘ'ȊȦ
-ãİƞƌBªś"ƞƌBzGQ}fOyUƓȵ>),;
=ǤȺǓǷBïĠ" 
 
!'" 
 żċ-źƭ,;%'ƖǵƘBġŻ[Inoue et al., 2003; Kishigami et al., 2006; 
Wakayama et al., 1998]¡Ȃǀ,Ɍɥ>B6D2F1ʉwHX-ȬȪÄ,HwȎ
ƩŒŒȭÑǁu{ʣPMSGʧJȸøƕľ£ǳʤ7.5 IUBŤ - 46
52ƀʀň,meȎƩŒŒȭÑǁu{ʣhCGʧɁȸƕľ£ǳʤ7.5 IUB
Ť1417ƀʀň,åǿȯĕɴ<ƊëȄåBþé"þé"åěå
ȊȦɂî¨B 0.1% mEh_[ʣCalbiochemʤƶÙ KSOMĉą(åȊȦ
BʅçKSOMĉą(ưƳ"åě. 7.5 µg/mlTGeLVBʣCalbiochemʤ
ƶÙ HepesȕȽ KSOMĉą(åěƖBʅç"ʣʅƖʤfgȊȦƖ.o
J]EVXewGPotaeʣPMM-150FU; rGycaPƕľ£ǳʤBǘ
'ʅƖåě,ƯÂ"ƯÂ"åě. KSOMĉą(ĉʜ"ň2.5 mM SrCl2 
5 µg/ml TGeLV B and 50 nM eSX^` AʣTSAʧSigma- Aldrichʤ
ƶÙKSOMĉą(Ȇ1ƀʀĉʜ"ȑ'5 µg/mlTGeLVB50 nM TSA
ƶÙ KSOMĉą(Ȇ 5ƀʀĉʜ"ň50 nM TSAƶÙ KSOMĉą(Ȇ 2ƀʀ
ĉʜ" -ňPȥ. 2ȊȦƉ;0 4ȊȦƉ,ǣǖ>4(KSOM
ĉą(ĉʜ"2ȊȦƉ;0 4ȊȦƉ-Pȥ.ȄǿȍȉʇwHX)
ɵ"ºėĚ ICRʉwHX-åǿ,ǵƘ"ºėĚʉwHXB 19.5Žň,Ğ
ƛƤÇȚ ?<-ěģÄȤ9Ȥǧ,&'ɔ2"Dppa3-VenusʉwHX
Ǽ 2ǻ 
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-ȺǓȊȦBfgȊȦ)"Pġʞ,'Xist,ĩ> RNAķƸƭ
ʣsiRNAƯÂʤB«ǘ"[Matoba et al., 2011]PȥB SrCl2(ƱŒÝ"
67ƀʀňoJ]EVXewGPotaeBǘ' Xist,ĩ> siRNAʣ25 
µMʤBƯÂ" 
 
+$(*/2FACS3 
 ɜȺǓBƿɈ"ƋƗȺǓȊȦ.lǓǋǜǥȹ¿ƞɗP`ʣPWMʤ)
pFSJXʣphycoerythrinʧPEʤƞɗ?"ťMac-1ť Gr-1ť B220
ťCD4ťCD8ť ʣ¨eBioscienceʤ(Ɠȵ"Ɠȵ"ȊȦ.FACSAria iustrument
ʣBD BiosciencesʤBǘ'ɈƑ;0ɱÎ" 
 
&1#0,  
 ȊȦTGY,;>ǤȺǓǷ-ɱÎ-ȄĻBǱ7>"7,lǓǙƐP
ǗȤǧ-ÁǝQqɹɼʒĈ-ȋ5Ů-ƙÈBɐ5"ȋ5Ů-
ƙÈ,.żċ-źƭ,ŉ%"[Rohatgi et al., 2008]w`raPX PCRƭ
ʣMultiplex PCR kitʧ^LkGKƕľ£ǳʤBǘVHrGw) JHr
Gw-ƵîǉʣVH1–VH7;0 VH8–VH16- 2Zae-$?ʤBǘ
'Ǽ 1PCRďĶBġŻ";=žǱ+ȍƒBŊ>"7,Ǽ 1PCRďĶ(
¬ǘ"rGwZae;=Ä¸ɴÊ,ɍɊ"rGwBǘnested 
PCRBġŻ"PCRǗǉ. 2%EMXRBǘ'ɈƑ" 
 
)-,  
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 ȥ-ǣǖǑ.GIb-ɀƣB¥LGƙĠBǘ'ɈƑ"ǤȺǓǷ
- ?!?-TGY.½ÊųÊƑ-ňĔɹƨɟƙĠʣTukey-Kramerƭʤ,
;%'ɈƑ"P <0.05BȏɊǥƇŖ)" 
 
2.3. ȍƒ  
 
 .7,ƖǵƘBġŻ>"7,áÊ+ƋƗȺɻ,&'ƙɋ"wHX
Įɴ,ÒÉBǘ'Ë?ɢ5BÂ?ǜ+>ɻ-ƋƗȺBūê"ʣĂ.1Aʤū
ê"ƋƗȺBɜȺǓƿɈkapD(ÇǔɯōÊʋ(ưƳ"ňȺǓȊ
ȦʣǤȺǓʤŚǂƴ-ɴB 10% vnhofƶÙ HepesȕȽ KSOM
ĉąʣ34 µlʤ,Ƶ"ƯÂǘotaeBǘ"fgȊȦ-ɱŦ,'
ĭ+)8 510´-ȊȦBɇħ>"7200µ(ɇħ>ŎɄ%"ʣ10
µŬǬY) 20µĩǉY-ȋ5îAʤɇħ-ȍƒƅ§(8Ȇ 1015 
µl-Ⱥƴɻ?/ƖǵƘBġŻ>"7áÊ(>)Ê%";%'
·ļ¨-ś¨wHX<.Ȇ 3045 µlȞʢ8.TGY-ĬwHX´¨
<.Ȇ 1520 µl-ȺƴBūê -ň-Pġʞ,¬ǘ" 
 4B6D2F1ʉwHX<ūê"ƋƗȺǓȊȦŚǂƴ<ǤȺǓǷ,®
<_y,ɱŦ"fgȊȦBǘ'ƖǵƘBȻ%"fgȊȦBƯ
ÂåěƱŒÝ"24ƀʀň-2ȊȦƉȥǣǖǑ.5 nM TSA-Qr(51%
50 nM TSA-Qr( 65%#%"?<-ǣǖǑ.åȊȦBfgȊȦ)
" 2ȊȦƉȥǣǖǑ;=8ƇŖ,§%"ʣȾ 1ʤ?.ǼÊÖ¡Ó,ɝ
>ȺǓȊȦǙƐȥ-ȊȦɛʡÛǑ(ŸǈÝ>),ɝÿ'>Vo
Ǽ 2ǻ 
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JeʉwHX, 2ȊȦƉȥBǵƘ")@ȺǓȊȦǙƐPǗǑ.
5 nM TSA-Qr( 3.6%50 nM TSA-Qr( 2.0%#%"ʣȾ 1ʤ
?<-ǗǑ.åȊȦǙƐPȥ;=8ƇŖ,§%"ƋƗȺǓȊȦ
ǖĜPwHXBªś>"7-fgȊȦ)'Ïǘìȧ(>)B
ǲ"Èǖ"ȺǓȊȦǙƐPǗ-$ 2ÞBɸɆwHX,±Ȣ
")@ś¨4(śɾ" ?<.ȗƦȧ×BƇ ?!? 14Ɔ) 16
Ɔ¡ǖĜ")BǱɒ" 
 lǓǙƐPwHX.ÆƜś DNAɵÌBƇ'>"7fg´
¨-RjyŕċBğÃ,PhQ'<[Hochedlinger et al., 2002; Inoue 
et al., 2005]fgȊȦ)'.ɰ+ (ƖǵƘBġŻ>(
lǓ¡ē-ǤȺǓBɱŦ>"7-źƭBƙɋ"4lǓlǓ
ǋǜǥȹ¿ƞɗP`ʣFITC-ƞɗ PWMʤ,;%'ïĠ(>ɔ2" -
ȍƒȺǓȊȦŚǂƴ,ĜĄ>ǤȺǓ-$-ɴ PWM(ȹ¿ƞɗ?
'>)BǱɒ"ʣĂ 1Cʤ-ȹ¿ƞɗP`) ?!?-Ǥ
ȺǓǷ,ĩ>ȹ¿ƞɗť¨Bǘ" FACSɈƑȍƒ<-ȹ¿ƞɗP`
ʣFITC-ƞɗ PWMʤ.lǓ-$ TȊȦ(.+ BȊȦ-5Bƞɗ>
)ž<)+%"ʣĂ 2ʤȑ'ǤȺǓ-ȊȦTGY,;%'ǤȺǓǷB
ɗÎìȧɔ2"ʕȃǓãǓBȊȦslTȊȦʣCD4+ʤ;0N
TȊȦʣCD8+ʤ ?!?B FACS,;%'ÊêʗŌɽ( ?!?-ȊȦ
TGYBɊƻ")@ãǓ;0ʕȃǓ.lǓ;=8ƇŖ,ĕ)
Ê%"ʣPʨ0.05ʤʣĂ. 1DʤŌÊķƸʗŌɽ(ɇħ>)wHXƋƗ
Ⱥ-ǤȺǓ.ǩņ 8 µm;=ĕQr) 6 µm;=8ĬQr-
Ǽ 2ǻ 
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2ʈĀ,ĕÎ>)ÈƐ"ʣĂ. 1CʤʗŌɽwGPotae(ūê"
ǩņ 8 µm¡-ȺǓȊȦ,&'ãİƞƌBªśzGQ}f
OyUƓȵ")@85%-ÛǑ(ʕȃǓãǓBūêÈƐ>)Ê%"
ʣ99´ 84´ʤʣĂ. 1Eʤ4"ʗŌɽ(ūê"ǩņ 6 µm¡-ȺǓȊ
Ȧ,&'8ãİƞƌBªśzGQ}fOyUƓȵ")@
91%-ÛǑ(lǓBɱŦ(>)Ê%"ʣ35´ 32´ʤ¡-ȍ
ƒ<fgȊȦ)'ʕȃǓãǓ-Čî.ǩņ 8 µm¡-TGY-ĕ
ȊȦțBlǓ-Čî.ǩņ 6 µm¡-TGY-ĬȊȦțBɱŦ
>))"4"ãǓ-Ŵ.ʕȃǓ-Ŵ;=8ĭ+%""7ʣȆ 1:4-
ƨǑʤʣĂ. 1EʤʕȃǓãǓBfgȊȦ)"ƖǵƘPB¡ň
ʕ
ȃǓǙƐP)Ɍɥ> 
 ȑ'ʕȃǓ8.lǓǙƐPȥ-ǣǖȧBƨɟ"ȊȦƖ
BƯÂƱŒÝ" 24ƀʀňʕȃǓǙƐPȥ.lǓǙƐPȥ
;=8§ 2ȊȦƉȥǣǖǑBǲ"?.ƱŒÝň-ʕȃǓǙƐPȥ
-ȊȦɛlǓǙƐPȥ;=8ʡÛǑ(ŸǈÝ>ǒɘ,ɝÿ'
>ʣ22.6% vs. 9.2%ʧPʨ110-6ʤʣȾ 2ʤźåȊȦǙƐPȥ)
lǓǙƐPȥ-ŸǈÝǑ,ƇŖĴ.+%"?<fgȊȦǷ-R
jyÍƉÝȧBɏ¯>"7,4ȊȦƉ4(ǣǖ -ǣǖǑBƨɟ"
 -ȍƒ4ȊȦƉȥǣǖǑ.lǓǙƐPȥ;=8ʕȃǓǙƐP
ȥ(ƇŖ,ʡ%"ʣ77.7% vs. 67.5%ʧPʨ0.005ʤʣȾ 2ʤlǓǙƐP
ȥʕȃǓǙƐPȥ;0åȊȦǙƐȥ- 3QrBƨɟ")
@åȊȦǙƐPȥ.ƅ8ʡÛǑ( 4ȊȦƉ1ǣǖ>)Ê%
Ǽ 2ǻ 
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"ʣ89.1%ʤʣȾ 2ʤ4ȊȦƉȥBºėĚVoJeʉwHX,ǵƘ")
@ʕȃǓPȥ)lǓPȥ-ʀ(ǗǑ,ƇŖĴ.+%"ʣȾ
2ʤ ?!?-Qr-Ǘ-$ 3ÞBɸɆwHX,±Ȣ")@
?8ũ,;>±ȢBǱɒ"ʕȃǓǙƐPǗ-$ 2Þ.ś¨
4(śɾȗƦȧ×BƇ>)BǱɒ"ź(lǓPǗ.
2'ʋÓʣǖň 21Ž¡Óʤ,Ƥ")Bɇħ"ʣ"#ǔǙ.ž(
>ʤlǓǙƐPǗ-ÁǝQqɹɼʒĈ-ȋ5ŮBɔ2"
)@2' BȊȦ,ǙƐ>)Ê%"ʣĂ 3ʤ 
 ¡<ʕȃǓǙƐP.ś¨4(śɾȗƦȧ×BƇ>)ž<
)+%""7ȑ'ɲ¤ěŰĒwHXȅȏ,'8Ïǘìȧ ?<-
ʕȃǓBfgȊȦ)"ƖǵƘBġŻ"4Oct4-GFPȅȏ(ġŻ"
@1.2%-ÛǑ(PǗBªÈ>)ÈƐ"ʣȾ 3ʤDppa3-Venus
ȅȏ.8)8)Ŝ	-ǯǹĢ(ƟǺ?"ɲ¤ěŰĒȅȏ(>Ȟʢ(
ėB¥ʉwHX 2ÞǖĜ'>-5(%""7ʕȃǓBfgȊȦ)
"ƖǵƘBġŻ"ƖǵƘB 2þġŻ")@?8ǖĜǗBªÈ
>)ÈƐ+%"3þǨ-ƖǵƘ( Xist-siRNAƯÂƭB«ǘ")
@1Þ-ǖĜǗ) 1Þ-ƤǗBŊ>)ÈƐ"ʣȾ 3ʤ<,S
ngeGqafȅȏ(> 129XB6-P) 129XB6-F(8ʕȃǓBfg
ȊȦ)"ƖǵƘBġŻ"?<-ƖǵƘ.łÍÎ-ǯǹrWIPe
(åȊȦBfgȊȦ)"ƖǵƘBĠ'"ġʞłŽ,fg´¨
Ūå'<åȊȦBūê>)ÈƐ+%" (őɳåȊ
ȦBūê>"7,ĞƛƤÇȚ'"fg´¨-ōȰɴ<ƋƗȺBūê
Ǽ 2ǻ 
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ʕȃǓBfgȊȦ)"ƖǵƘ,Ë=Ƅ" -ȍƒ ?<-ȅȏ<
 ?!? 1Þ&ʕȃǓǙƐ-ǖĜPǗBŊ>),śØ"ʣȾʦʤ
ƖǵƘBġŻ"ɲ¤ěŰĒ 4ȅȏ. ?!?ɲ¤ǥȣƁǜ+%'"8--
?-ǣǖǑ,'ƇŖĴ.+%"ʣȾʦʤ 
 ƅň,ǼÊÖ¡Ó,ɝ>ȊȦɛ-ŸǈÝʕȃǓǙƐPȥ(ʡʓ
Ļ,ɇħ?>ǒɘ,&'ƙɎBȻ%"?Ŀɝ?>æÿ)'
ƖǵƘfgȊȦ-ȊȦȮğÃ,ǰĐ?'>ìȧŒ[Miki et al., 2004]
)ƖǵƘVoJeåě,ʕȃǓ-ÊƬĬȦƇĤ+ńʑB'>ì
ȧŒƻ?" (ʅƖåě, 1´8. 2´-ʕȃǓBƯÂƱŒ
Ý"ň4817ƀʀ(PȥBʗŌɽ(Ńŗɇħ>),;= 
?!?-ìȧŒ-ɏ¯BȻ%"2´-ʕȃǓBƯÂ"åě.1´-ʕȃǓB
ƯÂ"Čî;=8ʡºÓƖŃśǑ;0§ŸǈÝǑBǲ"ʣȾ 4ʤ
-ȍƒ.ʕȃǓǙƐPȥ-ʡŸǈÝǑ-æÿʕȃǓ-ÊƬĬȦ
VoJeåě,ƇĤ+ńʑB'>ìȧŒ;=8fgȊȦȮ
ğÃ,ǰĐ?'>ìȧŒBůŧ'>)Bǲ'> 
 
2.4. ȟħ  
 
 ƌǯǹ(.ƋƗȺǓȊȦBǘ'ƖǵƘǯǹ-"7-{d)'wHXB
¬ǘ"wHX-PhQ)ǚǗ(ǘ<?>;+ĕćÜǉ-P
hQ.fgȊȦ-ɔŵƭǜ+>ĕćÜǉ(ƞƾǥ,ȻA?>ƖǵƘ(.
ǖ¨ē(ďƦ"ǖƙƍŷǙƐ-ǦȊȦ9ȘȒȶȊȦ-;+fgȊȦ
Ǽ 2ǻ 
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,¬ǘ?'> ?<-ȊȦ-ȊȦôƉ.ȺƷʙʝ4".SpJe
Ə¢(ĉʜ>)( G0/G1Ɖ,ɓī?VoJeåě-ȊȦɛ)ïƉ
ȥǣǖƣĵ,ɫȻ>[Kato et al., 1998]źwHX(.åȊȦ
[Walayama et al., 1998]9ƊśǆZeȊȦ[Ogura et al., 2000]fgȊȦ)
'ƞƾǥ,¬ǘ?>?<.ǖ¨Ä,'G0/G1Ɖ-ȊȦĔĜĄ
fgǖ¨<ūê?,ƖǵƘ,ǘ<?>?.-Ƿ-ĉʜȊ
Ȧ)ƨɟ'wHX-ĉʜȊȦ.ǖ¨ē-ďƦƏ¢(.WIicFaP8
.JoWIicFaP+ǜĵBǖ9),ɝÿ'>[Inoue et al., 2007]
ŉ%'wHX,'.þ-ƖǵƘ( 1Þ¡-fg´¨BĞƛƤÇȚ
>),;%'fgȊȦBūê>)ȳǥ(>¡-)Bɞ4
>)ƌǯǹ(ɿǣ"ƋƗȺǓȊȦBfg)'Ïǘ"PhQ.
?4(ċó?'"fgȊȦǷ)ƨɟ'8fg´¨BǌǊ,>
)+,ƖǵƘBġŻ(>û-źƭ(><,´¨ǖĜ'
>ʃ=ș=ɤfgȊȦūê(>)8ƌƭ-zae(>ġʆ,
Dppa3-VenusȅȏBǘ"ȺǓȊȦƖǵƘP(.3þǨ-ƖǵƘ(.
7'PǗBǐŊ>),śØ" 
 ɣĸɲ¤ěŰĒwHXȅȏŴ.őɨ,ďÙ'>ƌƭ.¹ǣǥ8
.ɲ¤ǥ,ėBò>ȅȏ>.´¨,ĩ'-XN}ƭ)'-Ïǘ
ƉŇ(>ǒĄɲ¤ěŰĒwHXȅȏ, Ⱦ?>;+ɲ¤ɚƽ-±Ĝ
;0Ȓŧźƭ-&)'ʗŌũȄʣintracytoplasmic sperm injectionʧICSIʤ
ĺǘ<?'>wHX,>ʗŌũȄ(.śǆȄě>.ȄȊȦ
-;+ƊśǆʇŒǖƦȊȦ[Ogura et al., 2005; Ogonuki et al., 2010](8ë
Ǽ 2ǻ 
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Ȅ>)ìȧ(=ǗBǐŊ>"7-²ʔŒ-ʡŢȼ(>
"%'pDH_wHX9ʚȢ'>ȅȏ(ûǖƥ%'>´¨
ʇ(%"Čî(8ʗŌũȄBÏǘ>)(Ƣ ,Ǳġ,ɲ¤ěćB&+
)ìȧ(>¾Ȼǯǹ(.36Ɔʢ-ʡʢʇwHX<(8ÅŃȄ
ěȊȦBƯÂ>)(ǗBŊ>),śØ'>[Tanemura et al., 1997]
ʗŌũȄ.fg´¨ʇ(>Čî,-5ɰǘ>)ìȧ(ȄĲ
Ä,âŴ¨-ǖƦȊȦBƇ'+?/+<+Ƣ8.ƢȄƧȊȦ
BÏǘ"ʗŌũȄ8ȟ<?>-źƭ.µ¨ȥBƜȁ>"7,
ɧĵ-ʗŌũȄ;=8wGPwho}V~,;>ĳǶĔ+>
[Kimura and Yanagumachi, 1997; Ogura et al., 1998]fgʇ´¨âŴ¨ǖƦȊȦ
B±ŧ'+Čî9fgʉ´¨ûǖƥ%'>Čî,.fg´
¨-ɲ¤ěćBƢ ,ĿȐźƭ)'ʗŌũȄ;=8ƖǵƘBÏǘ>
ŝǛȴ<,ɂŴʒĈ(ɲ¤ěĒǜBŧ&ȅȏ9ƊĠȜ-ɲ¤ěȣƁB
ŧ&Ēǜȅȏ+*(8ʗŌũȄ;=8ƖǵƘBÏǘ9 
 ƋƗȺǓȊȦ-RjyÍƉÝȧ.åȊȦ-;+ƞƾǥ,¬ǘ?>fg
ȊȦ;=8§;#%"-üʖ.ň-ŢȼŰȴ(Àƈ?>ìȧŒ
>¾Ȼǯǹ(ċó?'>;,?4(TSABñ6mXeȩEZ
`ÝɶȈʂĤÔ-¬ǘ9Xist-siRNAƯÂ,;>jaP_HƭB¬ǘ>)
,;=RjyÍƉÝȧðǗǑĿ<?'"[Kishigami et al., 
2006; Matoba et al.,2011]XistjaP_Hƭ.ʇ´¨-PhQ,.ʏĵ,
Ûƒ>ʉ1-Ûƒ.§)ċó?'>[Matoba et al., 2011; 
Oikawa et al., 2013]ƌǯǹ(.Dppa3-Venusȅȏ-ʉwHXBfg)"Ɩ
Ǽ 2ǻ 
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ǵƘ(XistjaP_HƭB«ǘ"Čî)+%"Čî-źBġŻ"
«ǘ"Čî<-5PǗBŊ>),śØ"ƌġʞ(.ɧĵ
¬ǘ> Xist-siRNAǃĻʣ5 µMʤ;=8ʡǃĻʣ25 µMʤ(¬ǘ"),ɝÿ
>8?+-ìȧŒ,&'.ňƃ+>ɈƑŎɄ(@ƌ
ǯǹ(ɿǣ"ƋƗȺǓȊȦƖǵƘPƭ(ɹɄ+vGe-&.fg
ȊȦ)'lǓBʅē'Ïǘ>Ǆ(>?.PǗ,ÆƜ
ś?" DNAɵÌBĿȐ+"7(>[Hochedlinger et al., 2002; Inoue et 
al., 2005]ȺǓȊȦŚǂƴ<lǓBʅē>"7-Ǳġ+źƭ. FACS,
;>ȊȦɱÎ(>FACSBġŻ>"7,.Ǫłɻ-ȺƴŎɄ(Ōɻ
Ⱥƴ(.āʌ(>"%'ƌǯǹ(.FACSɈƑ-ȍƒŊ<?" ?!
?-ǤȺǓǷ-d^<ȊȦTGY<ǤȺǓǷBɱÎ>)ÈƐ>
ƙɋBȻ%"ʕȃǓ;0ãǓ.lǓ;=8ƇŖ,ĕ%")<
ʗŌɽ(Ȇ 85%-ÛǑ( ?<BɱÎ(lǓBɱŦ>ìȧŒBƅĬ
ʃ,ţ<?>)Ê%"?.ʏĵ,ãȇ+źƭ(>"7ƖǵƘB
ġŻ(>ŻʞȠ(?/©þȖȝB?/ĥſ,Æǒ(>#@ƌƭ
-Ţȼǥ+ơǄ.ʕȃǓǙƐPȥ-Ȇ 20%ǼÊȿÓ,ŸǈÝBò
>)(>ʣȾ 2;0ʦʤʕȃǓǙƐPȥ-ŸǈÝǑ.lǓ
ǙƐPȥ;=8Ȇ 2µåȊȦPȥ;=8Ȇ 5µʡP
ȥ-ŸǈÝ.,ƱŒÝåě,>ŌĬǿŃśō-ıĐ,;%'Ŀɝ
?>?.åȊȦɛ)fgȊȦɛƖğÃ,Ƶ÷?> -Ƶ÷
ɬ?>),;%'åȊȦɛ,fgȊȦƖƂʍ?+),ɝÿ>
[Miki et al., 2004]ʅƖåě, 2´-ʕȃǓBƯÂ>)ŸǈÝǑ.ƇŖ,§
Ǽ 2ǻ 
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""7ʕȃǓPȥ-ŸǈÝ-æÿ.ŌĬǿŃśō-ıĐ(>)
ŭƻ?>ʕȃǓ-ȊȦȮ.-fgȊȦǷ;=8Ł×Œ,Ħ5wGP
otaeBǘ"otacFQ(.ǰĐ?,ìȧŒ>ŸǈÝ-
-æÿ.ʕȃǓ-ÊƬĬȦ<ŲÈ?>ɶȈ,;=ĽĤɝ>ìȧŒ8
%"ʗŌũȄBǘ'ɂŴ-ȄěBåě,ƯÂ>)Ȅěŧ&¾¨ɶȈʣE
P\yʤ,;%'åȊȦɛĒŃ>)Ǯ<?'>[Morozumi et al., 
2005]2´-ʕȃǓBʅƖåě,ƯÂ'8ŸǈÝ.ďÙ6@ƹĭ""
7ʕȃǓ-ÊƬĬȦ<ŲÈ?>ɶȈʕȃǓPȥ-ŸǈÝ-æÿ
(>ìȧŒ.§)ŭƻ(> 
 ƌǯǹ(.wHXƋƗȺǓȊȦBǘ'PǗǐŊÈƐ>)BÍ
7'Ɏž>),śØ"ƋƗȺǓȊȦ.ūêň,ƖǵƘBġŻ(
fg´¨BĞƛƤÇȚ>ŎɄ+ƌƭ.¨ēëȄ9ʗŌũȄ-;+
ǖƦɀÚŢȼ,;%'±ĜȒŧ>)āʌ+əɹ+wHXȅȏBɂɁ>
"7,¬ǘ>)ƉŇ?> 
/ 2. 
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7 #&6)25-6)+$4,*(
24 ?S;(%)& ;3& 19.5S;(%)D
bci7<4D TSA-& ;CD
17<& +D 27<";&
;3&D
1D .D
:0S
UD
5&nM& 306& 50&(16.3)& 101&(33.0)a& 155&(50.7)a& 138& 28&(20.3)a& 5&(3.6)& 0&(0)&
#%=,7<D
50&nM& 164& 13&(7.9)& 44&(26.8)a& 107&(65.2)b& 98& 26&(26.5)a& 2&(2.0)& 0&(0)&
7<D 50&nM& 181& 6&(3.5)& 6&(3.5)b& 169&(93.4)c& 169& 66&(39.1)b& 13&(7.7)& 4&(2.4)&
B6D2F1Ae\`IVbci7<ZLM& &
9JS/QXTS!Z2LOGX& (P&<&0.05;& []iaS>(ZH^[')D
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7 2:0))+$4,*(
24 ?S;(%)& ;3& 19.5S;(%)D
bci7<4D ;CD
17<& +D 27<";&
48 ?S&
47<";&
(%&27<";)&
;3&D
1D .D :0SUD
B5,D 527& 44&(8.3)& 119&(22.6)a& 364&(69.1)a& 283&(77.7)a& 283& 112&(39.6)& 6&(2.1)& 5&(1.8)&
fhd,D 327& 5&(1.5)& 30&(9.2)b& 292&(89.3)b& 197&(67.5)b& 180& 69&(38.3)& 3&(1.7)& 4&(2.2)&
7<D 90& 3&(3.3)& 4&(4.4)b& 83&(92.2)b& 74&(89.1)c& 74& 32&(43.2)& 2&(2.7)& 2&(2.7)&
B6D2F1Ae\`IVbci7<ZLM& D &

OS_gih;T 50&nM&TSAP-LMD
9JS/QXTS!Z2LOGX& (P&<&0.05;& []iaS>(ZH^[')&
D
 
 
 
 
/ 2. 
 23 
7 3.# 8"13!	
:0)+$4,*(
24 ?S;(%)& ;3& 19.5S;(%)D
bci7<4D ;CD
17<& +D 27<";&
;3&D
1D .D :0SUD
Oct4@GFP& 574& 41&(7.1)& 123&(21.4)& 410&(71.4)& 247*& 78&(31.6)& 3&(1.2)& 3&(1.2)&
Dppa3@Venus& 362& 43&(11.9)& 70&(19.3)& 249&(68.8)& 249& 69&(27.7)& 2**&(0.8)& 2&(0.8)&
129xB6@P& 103& 14&(13.6)& 17&(16.5)& 72&(69.9)& 72& 23&(31.9)& 1&(1.4)& 3&(4.2)&
129xB6@F& 235& 12&(6.7)& 56&(31.3)& 167&(93.3)& 139& 41&(29.5)& 1&(0.7)& 4&(2.9)&

OS_gih;T 50&nM&TSAP-LMD
*Oct4@GFP68SU 47<"P;3&LM&
**KYVSHN ET).LM&
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7 4. :0)9%'	
% ( D D
4 ?S;(%)& D & 8 ?S;(%)& D & 17 ?S;(%)&@$RD
*	LMD
B5,D
;CD
$D
FWD
$D
QLD
+D D &
$D
FWD
$D
QLD
+D D & 17<& 27<& +D
0& 21& 0&(0)& 21&(100)& 0&(0)& & 0&(0)& 4&(19.1)& 17&(80.9)& & 0&(0)& 0&(0)& 21&(100)&
1& 29& 18&(62.1)& 11&(37.9)& 0&(0)& & 18&(62.1)& 7&(24.1)& 4&(13.8)& & 3&(10.3)& 16&(55.2)& 10&(34.5)&
2& 26& 26&(100)& 0&(0)& 0&(0)& D & 26&(100)& 0&(0)& 0&(0)& D & 8&(30.8)& 17&(65.4)& 1&(3.8)&
ǚ 2ǘ 
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î 1. ŶǑŸ`aǨǽ'ƵŪŷȍƱǨǽ(ȦŖ7+(ƪĸ  
A)  sDUęɄ8(ŪŷȍŌÝęɄ(¸Ǚ>ÅɎJyUǞ>Ƶ"ǥ 15
45 µl(ȍƕ>ŌÝB) ȮȍƱƝțf\k@#ÂƲĬ(ŪŷȍƱǨǽ
ŀƟƕ(ƣ±Ǩǽ)./ǁȍƱ#Bar = 10 µmC) FITCſȨ PWM|
M[#ŲȈǁȍƱFACSțů(ǬŰɕĸǨǽ) BǨǽ#)& TǨǽ
#Ȍ¹>Ǐ&Ǩǽ())Ȍ¹>ǏǨǽ()79Ɖȵǂÿ
ǚ 2ǘ 
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Bar = 10 µmD) áǁȍƱǓ> FACS'79ÕɛǅĪ)ɤıɌÁǇ#ƛď
f((ƻ&:ŗĊ)Ŧļ'ƻ&":$>ǏɢǢƱ7+ō
Ƌ)zgƱ794Ŧļ'ÿğò®±ſƜȣěE) ǨǽQCV'ö!
"ɢǢƱ$ķ=;:Ǩǽ>­ǗɤıɌ#ɂňɂňǨǽ>ɀĳÄ
ɛ'7"UyC`JyU'ȬĬvCNzx~{`LuRŲȈ
ɀĳÄɛ'¥":3'(î(Ǩǽ) B5 C#ȚĔƛďQ
CV794ÿƷµ(./½"(Ǩǽ)ėȊŶȢ38;:3ɢǢƱ#
:2 )zgƱ#ĨŶ$ɪŶǨǽȭƉȢ38;(ǉ×)ÿó(Õ
ƱžǨǽ4ȚĔ;(A}n\`)Bar = 10 µm 
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î 2. PWM'Ė:ŪŷǁȍƱ(Üĵĸ  
n{gTǨǽ(CD4+)KyTǨǽ (CD8+)ɢǢƱ(Gr-1+)ÕƱ(Mac-1+) 
BǨǽ(B220+)(ȑǂ& FACSgYǏ;BǨǽ#)& TǨǽ
FITCſȨ PWM|M[ɕĸ'ŲȈ; 
ǚ 2ǘ 
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î 3. ÀŽŁºƼN}lzɇɋɡô( PCRûĞ  
ǨǽQCV'79ɂňŪŷzgƱ(ŶǑŸ8¡ÃM}Ǽ'ƶŮ
: ntESǨǽ (17ƺ)7+ǻǃ(811ƺ)½"(ǻǃQm{)ÀŽŁºƼN
}lzɇɋɡôŹÃ;;) BǨǽƶŮ#:$>Ǐ":Q
m{ 8911ƺ)ȑ 2'Ǐ 3Ó(zgƱƶŮM}ƴ(ǻǃ'ǆħ
:Qm{ 10ƺ)ƻ&:zgƱM}Đɩ'ƶŮ:4(#:Qm
{ 234ƺ( ntESǨǽ) BǨǽƶŮ#:$ǎȢ;PɯrT]Bl
P_}{$" B ǨǽƶŮ iPS Ǩǽ(induced pluripotent stem cells)(Odu
DNA>£Ƶ 
ǚ 3ǘ 
 29 
ǚ 3ǘ  
ŶǑŸņȏ>ƵǀƳ'ɐ=:  
FjTEc]BMUȚĔ(w^{Ɏǀ  
sDUÌǣÙǨǽŶǑŸM}'7:ƧĸCmz_
ǎǗ' "  
                                                         
 
3.1 ǱȜ  
 
 OduCmz]BN)Ǉƭëɥ'"ƪď(șƶŮA|{#Ƀ
ĉǀưɭCmz_Ƀĉɮ>©ȟ:3(vIbVu#:[Kaneko-Ishino 
et al., 2003; Reik and Walter, 2001]Cmz_Ƀĉ)ƧĸA|{$ƈĸA|{
#ɝòǛ&ƨșĸǀư>æ;)șA|{(	;'Ï;F
jTEc]B\MsM'7"ĥȯ;:;0#ǌǕ;ȋǔ;
"ĺ÷'ö!$sDU'"Ę&$4 100Ǔɥ(Cmz_Ƀ
ĉ(ċðǊ8;":[MouseBookɰhttp://www.mousebook.org/]d\MAD
_4)_yUTEb\MsDU>Ƶțů5h_':ƨșĸZC
Xt5Cmz_Ƀĉƻĝƿ(Ǌȗ8Š8';"":7	'
þ(Cmz_Ƀĉ)ǻɭǻ»ɮ4)ǻǃ(ǀƳ'ǀư:
[Hirasawa and Feil, 2010; Kaneko-Ishino et al., 2003]Cmz_ƫĽ(Ȗ&F
jTEc]B\MüÒ)ƳƆǤÆǨǽ(ǀƳ'ĥȯ;:ÞǣØ5Ǽ(
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Cmz_ȞĿ)ąÙƳƆǨǽɭprimordial germ cellɰPGCɮ(ǀƳ'ƔÚ
;:[Hajkova et al., 2002; Lee et al., 2002](Ĭəɘ;;(ƳƆǨǽǀ
Ƴ'Cmz_ȞĿɭprimary imprintɮƪď(ŲȈ ɡô'Ë0;Ǽǀ
Ƴ'"ǣĉ5Øĉ'ÞǮ;"[Kaneko-Ishino et al., 2003; Reik and 
Walter, 2001; Sasaki and Matsui, 2008]Cmz_Ƀĉ)Odu'yZu
')ċðƪď(ŲȈ ɡô¿#MyUY>ĨŁ:²äȚĔ;:
[Barlow and Bartolomei; 2014]áMyUY)ěƂǂv[{Òɡôɭdifferentially 
methylated regionɰDMRɮ(7	&Cmz]BNÊįɡô ɭimprinting control 
regionɰICRɮ'7"Êį;"9ĸƪƻǂ'Ʌ¯ĉĨŁ;:Ⱦǒ#
(ɡô( DNA)v[{Ò>Þ:áMyUY') 1 ( DMRċð
":$ DNAv[{Òțů8Š8';":ƳƆǨǽǀƳ
'ȯ:DMR(ǿv[{Ò5v[{Ò'7"OduCmz]BN
(ƔÚ5ǎǗÊį;:$Ƿ
8;: 
 ;0#sDU'"DMR(v[{ÒƫĽ)ƳƆǨǽ( DNAv[{Ò
țů'7"ȡǨ'Ȧ-8;""9Cmz_(ƔÚ7+ǎǗ' 
"ȅżĶĠǊ8;":;0#( DNAv[{Òțů'7:$
ƧĸCmz_)ƚŕÄȒÌ(ɘĸƳƆǨǽǀƳ#ƈĸCmz_)ǚ
ƚŕÄȒÌŨ(ØĉǀƳ'ǎǗ:[Sasaki and Matsui, 2008]Odu
Cmz]BN)DNAv[{ÒƫĽ794(ǬŰƳ:ƨșĸɃĉ
ǀư'7"ďǶ;:Đɗ' (Cmz_Ƀĉ(ƨșĸǀư
ɭƪ'ǻǃ#ǀư:Cmz_Ƀĉɮ)DNAv[{Ò(=9'hU_
ªɨ'7"Êį;":$ŋŒ;":[Lewis et al., 2004]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"ƳƆǨǽ(Cmz_ƫĽ>ȡǨ'Ʋț:3')DNAv[{Òƫ
Ľ$Ƀĉǀư(ś>Ȧ-:$ŧ0Cmz_Ƀĉ(
þ)ǻ Ǩǽ5ǻǃ#ǀư:3ǀƳ(ƳƆǨǽ#)Cmz_Ƀ
ĉǀư"8ɭ:)ǀưɉĘ&ɮƳƆǨǽ'"Ƀĉǀ
ư>țů:$)ɜ;>ńɎ:3'ŶǑŸ>ƵƳƆǨǽŶ
ƶŮM}ǻ>țů:śƍǷ
8;:ɭî 4Aɮ|SjF_ØĉǨǽ
ȭ'7"`aǨǽŶOdu(Cmz_)üÒ&$Ǌ8;":
3[Inoue et al., 2002]ƳƆǨǽŶƶŮM}ǻ)`aǨǽ(Cmz
_ƫĽ>ÜŢ":$Ũī#:(ŶǑŸƶŮǻɭ:)ÀŽǠ
Øɮ>Ƶśƍ)PGCǀƳŨ'Ƴ:Cmz_ƔÚ(țŠ[Lee et al., 
2002]5Øĉ':ƈĸCmz_ǎǗ(țŠ[Obata and Kono, 2002]'£Ƶ
;"ãž'Cmz_ó XŲȈ ƑÒ>48Cmz_(
ǎǗ7+ƔÚ(YCtN)ž&ǀƳU]T(ƳƆǨǽ>`aǨǽ$
ŶǑŸƶŮǼ>țů:$'79Š8';":[Oikawa et al., 2014]
Cmz_(ƔÚ' ")PGCƶŮM}ǻ(Cmz_Ƀĉǀ
ư>ȡǨ'țů:$'79Š8';[Lee et al., 2002]ǻɬ 10.5Ş8
11.5Ş0#'Cmz_Ƀĉƃǎ'Êį;:$'7"Cmz
_(ƔÚĎ:[Lee et al., 2002]ƈĸCmz_ǎǗ' ")ƚŕ
ÄȒÌŨ( GVɭgerminal vesicleɮŨ#ŁɍŨØƶŮ7+ŁɍØƶŮ¬ O
du(ŶǑŸ'79¡ŁÕƢǀƳǼɭǻɮ>țů:łƹƵ8;"
: [Obata and Kono, 2002]ÕƢǀƳƶŮǻ(Cmz_ɃĉǀưgY
8Øĉ(QCVŁɍ:'ĵ"ƈĸCmz_ƮĮ;:$
ǚ 3ǘ 
 32 
Š8';[Obata and Kono, 2002]"ƌď;:-ƅ":
ȥɣ)sDU'"ÃƳÌ(ÌǣÙǨǽɭprospermatogoniaɮǀƳ'Ď
:$Ƿ
8;":[Sasaki and Matsui, 2008]ƧĸCmz_(ǎǗgY
>ȡǨ'țů:$#:;0#ǌǕ;":ɓ9#)ƧĸCmz
_>Þ: DMR) H19–Igf2 ɭH19 DMRɮDlk1–Gtl2ɭIG- DMRɮRasgrf1 
ɭRasgrf1 DMRɮ( 3ɡô8ŽŁ;":ūǌǕ#)ƧĸCmz_
ǎǗ(ȡǨ ɃĉǀưoU(ĺ÷>Į:3'ƻ&:ǀƳţŨ(sDU
ÌǣÙǨǽŶƶŮM}ǻ(țů>Ȏɭî 4ɮ 
 
3.2. ŬŘ$śƍ  
 
$2 
 810ȼɬ( B6D2F1ɭC57BL/6DBA/2ɚǓɮəsDUɭŞūFUF{S
ŵĤǐɮ)ŶǑŸ'Ƶ:|SjF_Øĉ(3'812ȼɬ( ICRəsD
UɭŞūM|AŵĤǐɮ)ǼǑŸƵ(|SjF_$"Ƶ(129JF1)F1
>ɃǂǺŤ$"ŊɘsDU'ƶŮ:ÌǣÙǨǽ>ŶǑŸƵ`aǨǽ
$"Ƶ;) 129X1/SvJəsDUɭŞūFUF{SŵĤǐɮ(Øĉ$
JF1/MsfɘsDUɭƲÒČǌǕŃfCHzXUWYɮ(ǣĉ>Ƶ ý
Þǣɭin vitro fertilizationɰIVFɮ'7"¡Ã;[Mochida et al., 2005]`a
Ǩǽ$"ƵÌǣÙǨǽ(Ʉ)(C57BL/6JF1)F1>ɃǂǺŤ$"Ŋ
ɘsDU8ŌÝɭî 7117+ 12(Qm{ƺàɭ#ɮ127+
13'Ėĵɮ½"(ÑƩ)ƤŠŭɭ07:0021:00ɮ7+ƪďƾÙ ðŭ
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#ɧǹ;½"(ÑƩĐɩ)ƲÒČǌǕŃǜƎźŃ(ĐɩÑƩĕŴĆê
(ŅȢ#ĐŜ 
 
:>('
	A+ 
 Ìȷ(Ⱥ9ŶǑŸƵ`aǨǽ>Į:3' ýÞǣƶŮ(ǻɬɭembryonic 
dayɰEɮ15.516.517.5Ş7+ÃƳĬɭpostnatal dayɰPɮ0.5Ş(ɘsDU
8ŶǑŸǅÌ'ƳƆȂ>ŌÝ10%rzib{j}z`ƘÏ HepesǳȐ
KSOMõñ 3 µl' 12«(ƳƆȂ>¼;űɊ#.7	'Ġ:$
#õñ'Ǩǽ>ƘÏũŁƥW{_zǨǽ)(129JF1)F1ƶŮ P3.5(
ŚƳɘsDU8ŌÝ[Ogura et al., 2000]ǡƞ'Ȟȷ:$0.1 
mg/ml collagenaseɭSigma-Aldrichɮ7+ 0.01 mg/ml DNaseɭSigma-AldrichɮƘÏ
zɆǳȐƳƲɦùƊɭphosphate-buffered salineɰPBSɮ>Ƶ"ǣǨǞ> 30Ä
37°C#ÂƲ(Ĭ0.2 mg/ml _zmSɭSigma-AldrichɮƘÏ PBS>Ƶ
" 5Ä37°C#ÂƲÂƲ>ǩ
Ǩǽ> 4 mg/ml DSȍƙA{lt
ɭbovine serum albuminɰBSAɮɭCalbiochemɮƘÏ PBS# 34íƐƓŶǑŸ
Ƶ`aǨǽ$"£Ƶ 
 `a$"£Ƶ E15.5E17.5(ÌǣÙǨǽ)fCQ{k@C_SMF
Uƍ>Ƶ" DNAv[{ÒƫĽ>țůƳƆǨǽǀƳȾǒ#v[{Ò>
Þ: DMRɭprimary DMRɮ(ȑ$" IG-DMRÞǣĬ'v[{Ò>Þ:
DMRɭsecondary DMRɮ(ȑ$" Gtl2-DMR;;' "țů>Ȏ
ÌǣÙǨǽ)­ǗɤıɌ#ŶǑŸ'Ƶ:sCM}jp\_>Ƶ"ŌÝ
ØǨǽȭ>Ď½'ɔÚǖ(ȹŠĜ'Ə¼ɭ1«(ȹŠĜ9 50
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100«(ÌǣÙǨǽɮ300400«(ÌǣÙǨǽ E15.5E17.5( 1DMR(fC
Q{k@C_SMFUțů(3'Ƶ8; 
 
.8/ 
 ŝ÷(śƍ'7"ŶǑŸ>ĐŜ[Inoue et al., 2003; Kishigami et al., 2006; 
Wakayama et al., 1998]ɭȡǨ)ǚ 2ǘǚ 2ǟ.8/(ɟ>ÛƤɮ;;(U
]T(ÌǣÙǨǽŶɭ4)ũŁƥW{_zǨǽŶɮƶŮ( 2ǨǽŨM}
Ǽ>ǣǞǬǧɘsDU$Ʌ°āĈ ICRəsDU(ØǞ'ǑŸ°
āĈəsDU> E9.5#čŻƄÂǵ;8(ĉđ8ǻ>ŌÝūǌǕ
':Đɩ(UKu>ƀĤî$"î 4B'Ǐ 
 
1
 DNA%?- 
 á DNAQm{' 10 M ǍɆƊǦa_zDuƝƕ>ťǩƠĢ 9 M'&:
7	'Ɨâ[Shiraishi et al., 2004]98°C# DNA>ƦüŁ70°C#CKx
o_ɭfCQ{k@C_ÂƲɮfCQ{k@C_ÂƲ DNA(ǿU
{qÒ7+ǣȔ) bisulfite DNA purification kitɭZymo Researchɮ>Ƶ"Ȏ
PCR'7"Ǆǂɡô(ûĞ>ȎĬûĞ DNA> pGEM T-Easy 
vector ɭPromegaɮ#M}bNÿȁȉ DH5αPj]_W{'Ĩȭȴ
Ő«(M}ɭP}bɮ) TempliPhi DNA amplification kitɭGE 
Healthcareɮ>Ƶ" DNAûĞ;DNASMFU'7"ɅÆ>ƌď
myCsɅÆ>ȑ 5'Ȟƈĸ7+ƧĸA|{)ùöþóɭSNPɮ>ț
ů:$'79ȨÈ 
ǚ 3ǘ 
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*C RT-PCR 
 _Y{ RNA) E9.5ǻ8 Isogenɭb\rTɮ>Ƶ"ŉÃ
ǆȓǂ DNAɭcomplementary DNAɰcDNAɮ)oligo(dT)myCs$ SuperScript 
III reverse transcriptase ɭInvitrogenɮ>£Ƶ"1 µg(_Y{ RNA8âŁ
cDNA(ďɉ)QuantiTect SYBR Green PCR kitsɭQiagenɮ$ ABI Prism 
7900HT sequence detection systemɭLife Technologiesɮ>Ƶ"Ȏ3Ǔɥ(Ƨ
ĸǀưɃĉɭpaternally expressed geneɰPegɮ$ 2Ǔɥ(ƈĸǀưɃĉɭmaternally 
expressed geneɰMegɮ>å27Ǔɥ(Cmz_Ƀĉ>ƧĸCmz_ 2
ɡô7+ƈĸCmz_ 2ɡô8ɂň'ǀưțů'¥C
mz_Ƀĉ>ȞɯIgf2 ɭ7ƺŲȈ ɀɄɮH19 ɭ7ƺŲȈ ɀɄɮ 
Peg3 ɭ7ƺŲȈ ȶɄɮIgf2r ɭ12ƺŲȈ ȶɄɮDlk1 ɭ12ƺŲȈ 
ɀɄɮGtl2 ɭ12ƺŲȈ ɀɄɮRian ɭ12ƺŲȈ ɀɄɮ;;
(Cmz_Ƀĉ( mRNAɉ)ɁÅ&Źɉǲ>Ƶ"ƌďActbɭβ-actinɮ
mRNA'7"ȓƃ½"(ǀư^Y)ÌǣÙǨǽƶŮM}ǻ$
ãǻɬ#ŌÝɭE9.5ɮIVFƶŮǻ(ǀưɉ(ğò'Ė:ǆĖ®$
"ȞmyCsɅÆ)ȑ 5'Ȟ 
 
Rasgrf173?- 
 (129JF1)F1>ɃǂǺŤ$"ŊɘsDU> IVF'7"¡Ã
[Mochida et al., 2005]_Y{ RNA) Isogen>£Ƶ"E9.5ǻŁ « 
ɭƳĬ 57ŞɬɮƶŮ(Ȁ7+Ǹȃ8ŉÃŉÃ_Y{ RNA)Ì
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ȷ(śƍ# cDNA(âŁ>Ȏ50 ng cDNA)Ex Taq Hot Start versionɭYI
yfCHŵĤǐɮ$ Rasgrf14) Actbɭβ-cactinɮ'Ė:myCs>Ƶ
" PCRûĞ>ȎPCRƴƩ) 2%AJ}UO{>Ƶ"țů 
 
;@?- 
 fCQ{k@C_SMFUƍ'7"ƌď DNAv[{Òɉɭ%ɮ)
arc sinüŐ(Ĭ'ǯ·ÄŔÄů>Ƶ"țů>Ȏ(ǬŰɁÅ$Çř
;øâ'Scheffe( FŹď>ƵĬƉȵ>N{mɏ(þɇƉȵ'£Ƶ
ďɉ RT-PCR#ƌďM}ǻ(Ƀĉǀưɉ)13«( IVFǻ
(ǀưɉğò®>P_}{$Dunnett(þɇƉȵ'7"țůã
 DMR¿(ȕŕɃĉ' "ƧĸǀưɃĉɉ$ƈĸǀưɃĉɉ(ƉƯ
>țůIG-DMR$ Gtl2 DMR(v[{Òɉ(ɐ¨)Pearson(ǔƯǆɐ¨
ŕ'7"Ƞ§P <0.05>ǭȝǂŦļ$ 
 
3.3. ǬŰ  
 
#9&40:>6,=74 
 ÌǣÙǨǽ)Ǩǽȭ794ǨǽŶÖ3:ƉƯɪƪĲǂ&Ȱ>Ŧ:
3'ƳƆȂ Ǩǽ$ēš'ȗÄ:$ÃŮ:[Ohbo et al., 2003]ɭî 5Aɮ
ÌǣÙǨǽ)ɝĝ'ųȳ&Ǩǽ#¿Ī 57 µm(sCM}jp\_#ēš'j
\MA\m:$ÃŮɭî 5BɮƳƆȂ Ǩǽ>ãsCM}jp\_#
j\MA\m"1:$(ǨǽŊ ƩƲǂ&Íĸ(3'jp\_¸Ǚ'
ǚ 3ǘ 
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ǈɭî 5Cɮ7"ÌǣÙǨǽ)ƪÈ&sI>Ƶ$4ŠȘɈ
(ɤıɌ#./ 100%(ÐƯ#ɂň:$#ŶǑŸ>ĐŜ 
 ÌǣÙǨǽƶŮM}Ǽ) P0.5>ɔ.$?%(U]T#85% 2
ǨǽŨ,ǀƳɭȑ 6ɮǈġĬ(ǼǀƳƯ)ÌǣÙǨǽ;;
(U]Tɏ#ÿüÑɭ0.7%9.5%ɮɭȑ 6ɮE9.5#ŌÝÌǣÙ
ǨǽƶŮM}ǻ);4ĳȃ(ɫÑ>ȚĔþ(øâ IVFƶŮ
ǻ$Ɖȵ"ǀƳȽģ>Ǐ"ɭî 6ɮ 
 
#9&:>6,<  DMR DNA%?- 
 DMR(v[{ÒƫĽ>țů:3'fCQ{k@C_SMFUƍ>
Ƶ"țů>ȎȶǤǭsDUɭ129Ǥǭ4) C57BL/6Ǥǭɮ$ɈƳ
ƶŮsDUɭJF1Ǥǭɮɏ( SNPțů>¢Ƶ:$#A|{ƪƻǂ&v[{
ÒƫĽ>ƌďE15.5ÌǣÙǨǽƶŮM}ǻ( IG-DMR'"ț
ů 4Qm{(	 1Qm{v[{Ò>ȚĔ;4((ɭî 7A, #9ɮ
ÿɄÄ(Qm{)ɝv[{ÒƫĽ>Ǐɭî 7A, #19ɮE16.5ÌǣÙǨǽ
ƶŮM}ǻ( 4Qm{#4ɝv[{ÒƫĽ>ȚĔɭî 3A, #1114ɮ
#15)ɏǂv[{ÒƫĽ>#167+ 17)ɭƪ'ƈĸA|{#(ɮɪv[{
ÒƫĽȚĔ;E17.5ÌǣÙǨǽƶŮM}ǻ 2Qm{ɭî 3A, #18
7+ 19ɮ)A|{#Ď½&v[{ÒƫĽ>Ǐ8IG-DMR(
v[{Ò) E16.5#ɎąE17.5#Ď:$Ä 
 H19 DMR(DNAv[{ÒƫĽ) IG-DMR$ɝĝ'ɥ"½"(E15.5
ÌǣÙǨǽƶŮM}ǻ7+ E16.5ÌǣÙǨǽƶŮM}ǻ( 4Q
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m{ɭî 8A. #1114ɮ)./ɝv[{ÒƫĽ>Ǐ#15)³'v[{Ò
ƫĽ>Ǐ#16#)ɪv[{ÒƫĽ>ȚĔɭƅĶ&8#17) H19 DMR
Rasgrf1 DMRGtl2 DMR(țů(Ì'Ā"0v[{ÒƫĽ>ǎȢ:
$ÃŮ&ɮE17.5ÌǣÙǨǽƶŮM}ǻ) H19 DMR(A|{
#Ď½&v[{ÒƫĽ>Ǐ8H19 DMR(v[{Ò) E17.5#Ď
:$Š8$& 
 Rasgrf1 DMR) E15.57+ E16.5ÌǣÙǨǽƶŮM}ǻ#ȫ"
ɝv[{ÒƫĽ>Ǐɭî 9AɮIG-DMR$ H19 DMR#ɪv[{ÒƫĽ>Ǐ
#16)Rasgrf1 DMR'")Ď½'ɝv[{ÒƫĽ#E17.5Ìǣ
ÙǨǽƶŮM}ǻ(Rasgrf1 DMR);(Qm{#4ɪv[{ÒƫĽ
>Ǐ8;8(ǬŰ>0$3:$Rasgrf1 DMR)(ƧĸC
mz_ DMRɭIG-DMR7+ H19 DMRɮ794Ƚv[{Ò>ƮĮ:
$>Ǐì": 
 ;8 3ɡô(ƧĸCmz_DMR(DNAv[{Ò|o{>·ÄŔÄů
'7"țůǬŰ)öūǂ' 3ɡô$4ãž#9`a$"£Ƶ
ÌǣÙǨǽ(Şɬ$M}ǻ(v[{ÒƯ(ɏ'ŦļěȢ38;þ
ɇƉȵŹďɭScheffe( FŹďɮ(ǬŰE15.5$ E17.5ɏ7+ E16.5$ E17.5
ɏ#ŦļěǎȢÃŮɭȑ 7ɮ 
 ƈĸCmz_#: Peg3 DMR)E15.57+ E16.5ÌǣÙǨǽƶŮM
}ǻ#ƛȺ9ȫ"ɝv[{ÒƫĽ>Ǐɭî 10Aɮ(Ǭ
Ű)M}Ǽ`aǨǽ(v[{ÒƫĽ>©Ŋ00ǀƳ":$
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>Ǐ"9ŶǑŸ'7"Cmz_ƫĽ;&$	ūǌǕ(Ì
ŏ>ȓĦ": 
 8'Gtl2 DMR( DNAv[{ÒƫĽ(țů>Ȏsecondary DMR$
"Ǌ8;: Gtl2 DMR)primary DMR#: IG-DMR$ãɡôɭDlk1Gtl2
ɡôɮ'ċð [Nowak et al., 2011; Sato et al., 2011];8(v[{ÒƫĽ>Ɖ
ȵ:$#v[{ÒƮĮm}WU(ɐ¨>ȚĔ:$ßǾ#:(
ǬŰÌǣÙǨǽƶŮM}ǻ( Gtl2 DMRv[{ÒƫĽ)öūǂ'
IG-DMR$ɥ"ɭî 11AɮĐɗ'IG-DMR$ Gtl2 DMR(ɏ')ɪ
ǆɐĸȢ38;ɭr = 0.97; Pɱ1.82107Pearson(ǔƯǆɐ¨ŕɮɭî 11Bɮ
 ǨǽɭũŁƥW{_zǨǽɮƶŮM}ƴ( Gtl2 DMR)ƈĸA|{(ɝ
v[{Ò7+ƧĸA|{(v[{ÒƫĽ>©Ŋ"9 Ǩǽó(v[{Ò
gYǎȢ;ɭî 11Cɮ 
 
#9&:>6,< B!)73?- 
 ÌǣÙǨǽƶŮM}ǻ':Cmz_Ƀĉǀư>ďɉ RT-PCR
'7"țůIG-DMR')1Ǔɥ( PegɭDlk1ɮ$ 2Ǔɥ(MegɭGtl2
7+ Rianɮċð:E15.5ÌǣÙǨǽƶŮM}ǻ(½"(Qm{
#Peg#: Dlk1794Meg#: Gtl27+ Rian(¶&ǀư>ȚĔ
ɭî 7B, #110ɮãž(ǀưgY)Cmz_ƔĀ": E12.5
4) E13.5PGCƶŮM}ǻ#4ȚĔ;$÷ç;":3
[Lee et al., 2002](ǀưgY)ɝCmz_ó(ɭ^kG{_ó(ɮƫ
Ľ>Ǐ":$Ƿ
8;:ĖƤǂ'E16.5ÌǣÙǨǽƶŮM}ǻ#
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)þž&ǀưgY>Ǐțů 7Qm{(	4Qm{ɭ#11
14ɮ)Meg(ǀư¶2Qm{ɭ#167+ 17ɮ) Peg(ǀư¶1
Qm{ɭ#15ɮ);8ɏó(ǀưgY>Ǐɭî.7BɮE17.57
+ P0.5ÌǣÙǨǽƶŮM}ǻ);4 Peg(¶&ǀưgY>Ǐ
ɭî.7BɮDunnett(þɇƉȵŹď'7"#15$#16(ɏ#ǀưgY
Ŧļ'üÒ:$>ǎȢ"IG-DMR'ċð: 3Ƀĉ(ǀ
ưgY)Ìȷ IG-DMR( DNAv[{ÒƫĽɭɝv[{Òɏóv
[{Òɪv[{ÒƫĽɮ$ɪĢ'ǆɐ":$Äɭî 7Aɮ 
 H19 DMR'7"Êį;": H19ɭMegɮ$ Igf2ɭPegɮ' "4ǀư
țů>ȎE15.5ÌǣÙǨǽƶŮM}ǻ);4Meg¶(ǀư
gY#ɭ^kG{_óǀưgY[Lee et al., 2002]ɮɭî 8BɮE16.5
ÌǣÙǨǽƶŮM}ǻ'")IG-DMR'ċð:Ƀĉ$ãž'
þž&ǀưgY>ǏIG-DMR¿(Ƀĉ$)ƻ&9H19$
Igf2(ǀưgY)ĝ' H19 DMR( DNAv[{ÒƫĽ$ȅ&$
ȚĔ;¤
*#137+#16) Igf2¶&ɭ4)Ď½&ɮǀưgY
>Ǐɭî 8BɮH19 DMR( DNAv[{ÒƫĽ$ȅ&ɭî 8Aɮ
ɭ#17(ǀưƫĽ4;0#(ǬŰ8Ɂħ'ƛ;:Ìȷ(Ʋƶ#H19 
DMR(v[{ÒǎȢÃŮ&ɮE17.57+ P0.5ÌǣÙǨǽƶŮM}
ǻ'")H19 DMR( DNAv[{ÒƫĽ$ȅ"ɭî 8AɮIgf2
¶&ǀưgYȚĔ;ɭî 8BɮDunnett(þɇƉȵŹď83Q
m{(1ɭ#182223ɮIVFP_}{ǻ$ƻ&:ǀưgY>Ǐ
ɭî 8Bɮ 
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 E9.5ǻ( Rasgrf1' "Ł ɘsDU(Ȁ>rT]BlP_}{$
"Ǹȃ>cJ]BlP_}{$"£ƵRT-PCR>ĐŜ[Plass et 
al., 1996; Sturani et al., 1997]ɭî 9Bɮ(ǬŰE9.5ǻ# Rasgrf1)ǀư"
&$ȚĔ;3ďɉ RT-PCR'7:ǀưțů>Ȏ=& 
 ÌǣÙǨǽƶŮM}ǻ'"ƈĸCmz_#: Peg3ɭPegɮ
7+ Igf2rɭMegɮ(ǀưțů4ĐŜĻȺ9`aǨǽ$"ÉƵ
%(U]T(ÌǣÙǨǽ#4Peg3)ǀư>ǏIgf2r)ǀư>Ǐ
ɭî 6B7+î 12ɮDunnett(þɇƉȵŹď#)¤ýǂ'#167+ 18(
Peg3(ǀư>Ȣ3öūǂ'Ȟ(²ä>œŊ" 
 
:>"5#9&:> DNA%?- 
 ťĬ'`aǨǽ$"ÉƵÌǣÙǨǽȄȲ( DNAv[{ÒƫĽ
ɭIG-DMR7+ Gtl2 DMRɮ>fCQ{k@C_SMFUƍ'7"ƌď
IG-DMR'"E15.5ÌǣÙǨǽ)v[{ÒƫĽɭ33%ɮ#E16.5Ì
ǣÙǨǽ);79455ɪv[{ÒƫĽ>Ǐɭ60%ɮE17.5ÌǣÙǨǽ)
Ď½&v[{ÒƫĽɭ98%ɮ>Ǐ""ɭî 13ɮ;)ŝ÷(ǬŰ$ȅ
"[Hiura et al., 2007]ĖƤǂ'IG-DMRɡô¿'ċð: secondary DMR
( Gtl2 DMR)%(U]T#4v[{ÒƫĽ>Ǐɭɱ12%ɮɭî 13ɮ
(ǬŰ>ÌǣÙǨǽƶŮM}ƴ( IG-DMR7+ Gtl2 DMR( DNA
v[{Òțů(ǬŰ$¾'Ƿľ:$Gtl2 DMR)ƳƆǨǽǀƳ#)&
ÞǣĬ'v[{Ò>ƮĮ:$>Ǐŝ÷(ǬŰ$ȅ":[Nowak et 
al., 2011; Sato et al., 2011] 
ǚ 3ǘ 
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3.4. ǷĔ  
 PGC':OduCmz_ȞĿ)əɘś#E11.5#ƔÚą3
E12.5#Ď:;)sDU( PGCƶŮM}Ǽ>Ƶ"DMR( DNA
v[{Òțů7+Cmz_Ƀĉǀưțů8Š8';":[Lee et 
al., 2002](Ĭĸƪƻǂ'ƻ&:ǀƳU]T(ƳƆǨǽ#Cmz_
(ŚW\_ÀǎǗ:ɘ#)DNAv[{Òțů8ǀƳ(ÌǣÙ
Ǩǽ'"ƧĸCmz_#v[{Ò>Þ: DMR(Ŧļ'ɪv[{
ÒŠ8';"ɭE14.5ɯH19 DMR [Davis et al., 2000]E15.5ɯIG-DMR
7+ H19 DMR[Henckel et al., 2012]E16.5ɯIG-DMR[Hiura et al., 2007]ɮūǌ
Ǖ(ǬŰ#)ÌǣÙǨǽƶŮM}ƴ( DMR(v[{ÒƫĽ7+C
mz_ɃĉǀưgY8E15.5ÌǣÙǨǽ(ƧĸCmz_)^
kG{_ó(OduƫĽɭE12.5#Cmz_ƔÚ(ǬŰƳ:ãž(gY
ɮ>ǰŊ":$ȚĔ;½"(^Y>Ƿľ:$½"(Ƨĸ
Cmz_ɡô':Cmz_(ǎǗ)E16.5(ǋɏŨɏ(Ĭ
E17.5#Ď:$Ǭȧ:$ÃŮ:ūǌǕ#Į8;ÌǣÙǨǽȄȲ
( DNAv[{ÒƫĽ(ǬŰɭî 13ɮ)ŝ÷(ǬŰ$ȅ":[Henckel et al., 
2012; Hiura et al., 2007]Danis8'7:÷ç#)E14.5ɒ'Cmz
_ǎǗ:$÷ç":[Davis et al., 2000](ȿ' "Šǎ&ǝ

)ƣDavis8)(C57BL/6Mus musculus castaneus)F1>Ƶ"țů":
3(ɈƳƶŮsDUǤǭïŦ(ě'7:4(4;&E15.5ÌǣÙ
ǨǽƶŮM}ǻ( IG-DMR(v[{Ò|o{)0.220%#ɭî7Aɮ
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E15.5ÌǣÙǨǽȄȲ(v[{Ò|o{ɭ33%ɮ79ɭî 13ɮ;)
E15.5( DMR):ǒĢŶǑŸ'7"ǿv[{Ò;":$>Ǐ"
:(4;&;) DNAv[{ÒÕƬ#)Þǣ4)ŶǑŸ'
:N}f{&ǿv[{Ò'Ė"Cmz_>©ȩ:3'ÔÄ#&
$ď:(Ăħ#<	N}f{&ǿv[{Ò'Ė"Cmz_
)hU_(v[{Ò&%((ŇÊǂFjTEc]B\MsM'7"7
9čďÒ:ßǾĸɪhU_ H3K9Tv[{:)_zv[{ǣĉ
7+ Ǩǽ(ƧĸCmz_ DMR'þċð":$Ǌ8;":
[Delaval et al., 2007; Nakamura et al., 2012] 
 ūǌǕ(ǬŰ8Ìȷ7	'ƧĸCmz_>Þ: 3DMR)ö
ūǂ'¾Ⱥ(ţɏǫȾ>ȸ":$Ä;)ǅĪƪƻǂ'ƻ
&:ţŨ'ƮĮ:ƈĸCmz_$ÿƻ&:8'ƧĸCmz
_>Þ:YCtN' DMR ïŦ(³&ěċð:$Š8$&
;)ãM}ǻ¿(ƻ&: DMR(Cmz_ƫĽƉȵßǾ#
:3#ŶǑŸņȏ>Ƶ"ȗ
"ǬŰ#<	Rasgrf1 DMR)
( 2DMR'Ɖ-Cmz_ǎǗ:YCtNȽ7	'ȚĔ;
( DMRƪƻǂ&YCtN(ě' "ƃǎ&vIbVu)Ä8&
Rasgrf1 DMR(Cmz_ǎǗ(vIbVu) (ơ# IG-DMR4
) H19 DMR$ƻ&:$¸ȎǌǕ'79Ǌ8;":Rasgrf1 DMR(
DNAv[{Ò')Dnmt3A#& Dnmt3b4Ĵɠ#8' piRNA
ɭPiwi-interacting RNAɮǫȱ4ĴȖ#:$÷ç;":[Kato et al., 2007; 
Watanabe et al., 2011]8'h_'")IG-DMR7+ H19 DMR)ċ
ǚ 3ǘ 
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ð:4((Rasgrf1  DMR)ċð&$Ǌ8;":[Pitamber et al., 
2012] 
 OduCmz]BN>ǌǕ:3'ŶǑŸņȏ>Ƶ:(ɇȖ&É
ơ)ƳƆǨǽƶŮM}ǻ4)ǻǃ(Cmz_Ƀĉǀư>ȚĔ
#:ơ#:ūǌǕ#)IG-DMRɡô':DNAv[{ÒƫĽ$Ƀ
ĉǀưgY(ɏ'Ŗâǆɐɐ¨:$>ȗÃIG-DMRɡô(
Cmz_ɃĉĦǀư$>ǎȢ;)(ɡô(Cmz
_Ƀĉ)öūǂ' IG-DMR(v[{Ò'Êįprimary DMR(Ĭ'
secondary DMR(v[{ÒɝƬǗǂ'Ȼǯ"v[{Ò>ƮĮ:$>ļè
":(ď)IG-DMR(Êį':ßǾĸGtl2 DMR#(
ȚĔǬŰ$ȅ:ɭȞÛƤɮĖƤǂ'H19 DMRɡô'ċð: H19
7+ Igf2(ǀưgY) (Qm{# H19 DMR(v[{ÒgY
$ŖâH19 DMR(v[{ÒƫĽ#)ȤŠ:$ÃŮ&
( H19 DMRɡô':ƛ$ȅ&ǬŰ)E15.57+ 17.5(Ìǣ
ÙǨǽƶŮM}ƴ(^Yĝ'ɡô(ǬŰ$ȫ"3ņȏ
ǂ&Fy5ŶǑŸ48ƻĝ'7"ĥȯ;":ßǾĸ)&9
$Ƿ
8;:;0#sDUǀƳ':H19$ Igf2(ǀưÊį)
CU|Yw^{$"7Ǌ8;":cJ]BlƈĸA|{#)H19
ƒ(M}s[úƸ'ċð: H19 DMRɝv[{ÒƫĽ':$TM
kBJYgMȭ#: CTCFɭCCCTC-binding factorɮǬâ:$#
Igf2m}wY'FeQ(AMWUɑĒ;ǬŰ$"Igf2(ǀ
ưŇÊ$ H19(ǀưşȯ:[Bell and Felsenfeld, 2000](ȖǦ4
ǚ 3ǘ 
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H19$ Igf2(ǀư'ĩɞ:ßǾĸ:3Đɗ(vIbVu)4$ȕɚ
#"4ȇ)#:Đɗ'H19(ƒ')ǪǴƪƻǂɭ¿ǼȊ7+
ǼȊƪƻǂɮFeQċð"9;ěƂǂ& CTCF¦ċǂ'´
4;&Igf2ɡô')ǪǴƪƻǂm}wY$ DMRQC|Q
ɭDMR1ɮ7+ DMRAM]BoYɭDMR2ɮ9AM]BlƧĸA|
{#);8 DMR)v[{Ò;":[Constancia et al., 2000; Murrell et al., 
2001]DMR1>Ɓő:$ǼȊǪǴ'" H19 DMR(v[{ÒƫĽ'
ɐ¨&Igf2(ǀưǎȢ;":[Constancia et al., 2000];8ȖǦ(ċ
ð(3E16.5ÌǣÙǨǽƶŮM}ƴ#H19 DMR(v[{ÒƫĽ
#)ȤŠ#&þž&ǀưgY>ĥȯßǾĸ:(Ĭ
E17.57+ P0.5ÌǣÙǨǽƶŮM}ƴ)ƛȺ9(ǀưgY>Ǐ
": 
 Cmz]BNɡô¿( DMR') 2Ǔɥċð:$Ǌ8;":
primary DMR)'ƳƆǨǽǀƳ'ěƂǂ'v[{Ò>Þ:ɡô#
secondary DMR)ÞǣĬ'v[{Ò>Þ:ɡô#:h_7+sDU#)
Gtl2 DMRɭMeg3 DMR$4é*;:ɮ secondary DMRǌǕ(3'ť4Ġɂ
ň;":sDU'"ɘĸƳƆǨǽǀƳ( Gtl2 DMR)v[{Ò>
Þ&$ǎȢ;"9[Nowak et al., 2011; Sato et al., 2011]ūǌǕ'
"4E15.58 E17.5(ÌǣÙǨǽȄȲ( Gtl2 DMR)v[{Ò;&$>
ǎȢɭî 13ɮsDU Gtl2 DMR(ƧĸA|{)E3.58 E6.5( Ǩǽ
#v[{Ò>ƮĮ:[Nowak et al., 2011; Sato et al., 2011]ÌǣÙǨǽȄȲ7+
ÌǣÙǨǽƶŮM}ǻ(v[{ÒțůǬŰ8Gtl2 DMR)ŶǑŸĬ(
ǚ 3ǘ 
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:ţơɭȽ$4 E9.5Ìɮ#v[{Ò>ƮĮ":$Ǐ;ɇ
Ȗ&rC_)ƻ&:Cmz_ƫĽ>Ŋ M}ǻ(țů8
IG-DMR$ Gtl2 DMR(v[{Ò|o{)ɪĢ'ǆɐ":$#:ɭr = 
0.97; Pɱ1.82107ɮɭî 11Bɮ($)h_':ƽĹ#MEG3 DMR
(ıėƁĀSU' IG-DMR(v[{ÒƫĽ'ɪ¦ċ:Ǌȗ$ȅ":
[Kagami et al., 2010]Okae8'7:÷ç#4 ǨǽƶŮM}ƴ( IG-DMR
$ Gtl2 DMR(v[{ÒɪĢ'ǆɐ":$Ǐ;":[Okae et al., 
2013]ɃĉYO]BN'7:ǌǕ8Š8';"":7	'
Gtl2 DMR(v[{Ò)Ę&$4āĈŨĬ' Gtl2(Cmz_ǀư>4
8[Sekita et al., 2006; Steshina et al., 2006]>0$3:$IG-DMR'7"
Gtl2 DMR)Ƈɖǂ'ɭɖĚǂ'ɮÊį;"9;'7" Gtl2(Cm
z_ǀư©ȟ;":ßǾĸɪ 
 E16.5ÌǣÙǨǽƶŮM}ǻ#)IG-DMR7+ H19 DMR#ɏó(
v[{ÒƫĽȚĔ;;8M}ǻ)v[{Ò7+ɝv[{Ò
Ɨâ;Ǩǽ>©Ŋ":3'ɝĝ'ȆèƖ;)`aǨǽO
du(ntv[{Ò DNAǨǽÄȒ'7"ÄɅ;ǬŰ$"Ƴ":
(4;&;;(M}) G0/G1Ũ(Õ`aǨǽ'ƶŮ"
:[Inoue et al., 2003; Wakayama et al., 1998](Ǩǽ)ūɋ DNAA|{
#ŽŁ;2n(¬ Odu>©Ŋ":6
'Ʋȧǂ')`a
Odu( DMR':A|{ntv[{Ò;":øâŶǑŸĬ( S
Ũ#Dnmt1Ƒĸ'7"[Hirasawa et al., 2008]v[{ÒA|{$ɝv[{ÒA
|{(śƳ:;8)ǚÄÎ#ĄăÎƱ';;Äɛ;:
ǚ 3ǘ 
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;8 (ÎƱ)ǀƳ'"òǛ'Ǽ7+ǪǴ'ÄŔ"3
[Kurotaki et al., 2007]ntv[{Ò`aǨǽƶŮM}ǻ( DMR'
: DNAv[{Ò|o{)ǥ 50%$&:(v[{Òɝv[{Ò)ƧĸA
|{$ƈĸA|{);;ƬǗ"Ƴ:$ƛ#:¤
*IG-DMR'
"#15(A|{$#167+ 17(ƧĸA|{)`aǨǽOdu(n
tv[{ÒƫĽ>Ǐ":ßǾĸ:ɭî 7Aɮ(Ȥ>œŊ:÷ç$
"Øĉƪƻǂ' Dnmt1>ƁǼǀƳ'"ɥưȪȚĔ
;": [Hirasawa et al., 2008; Howell et al., 2001];8(Ǽ#)ÄÎÌ(
A|{( DMR);;(A|{#ĸƪƻǂ'v[{Ò;"4((n
tv[{Ò DMR Dnmt1Ɓ(ǬŰƳ$>ǎȢ":Dnmt1Ƒĸ
ZGAɭzygotic gene activationɮ'7"íİ:$;8ntv[{ÒA|{)
ćǨǽ'"v[{ÒA|{$ɝv[{ÒA|{;;Ƴ;'7
"ĬŨǼ7+ǻ,(v[{ÒA|{7+ɝv[{ÒA|{>Ŧ:Ǩ
ǽƗâ":ƫĽ>48$ŎĔ;: 
 Ǭȧ$"ūǌǕ#)½"(ƧĸCmz_ɡô':Cmz_
)E16.5(ǋɏŨɏ>ǫ"E17.5#Ď:$>Ǐ8'Rasgrf1 
DMR)( 2ɡô794Cmz_(ǎǗ³'Ƚ;:$>Ǐ0
IG-DMR)Õ #(ɡô¿'ċð:Cmz_Ƀĉ>Êį:
H19 DMR(1#)Cmz_Ƀĉ>Êį&ßǾĸǏì;ÞǣĬ
'v[{Ò>ƮĮ: secondary DMR$"Ǌ8;: Gtl2 DMR)(ƒ'ċ
ð: IG-DMR'ĭ"v[{Ò>ƮĮ:ßǾĸǏì; 
 
1 30 
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6 5.#DNA"7(
	8$/*7( , #
"LHK
4:>'
 ' Forward# Reverse#
Dlk1% $ >@+=3>' TTACCGGGGTTCCTTAGAGC% TGCATTAATAGGGAGGAAGGG%
Gtl2% $ >@+=3>' TTGCACATTTCCTGTGGGAC% AAGCACCATGAGCCACTAGG%
Rian% $ >@+=3>' TCGAGACACAAGAGGACTGC% ATTGGAAGTCTGAGCCATGG%
H19% $ >@+=3>' TTGCACTAAGTCGATTGCACT% GGAACTGCTTCCAGACTAGGC%
Igf2% $ >@+=3>' CTAAGACTTGGATCCCAGAACC% GTTCTTCTCCTTGGGTTCTTTC%
Rasgrf1% $ =3>' GGCTCATGATGAATGCCTTT% TACAGAAGCTTGGCGTTGTG% %
Peg3% $ >@+=3>' TAAGCAATACGGGCAGCCT% CCAACAAACTTCTGGTAACGC%
Igf2r% $ >@+=3>' TAGTTGCAGCTCTTTGCACG% ACAGCTCAAACCTGAAGCG%
Actb%(β<actin)% $ >@+=3>' AAGTGTGACGTTGACATCCG% GATCCACATCTGCTGGAAGG%
IG'DMR% YNQ[ZMNVR]PO\T' GGTTTGGTATATATGGATGTATTGTAATATAGG% ATAAAACACCAAATCTATACCAAAATATACC%
H19%DMR% YNQ[ZMNVR]PO\T' GGAATATTTGTGTTTTTGGAGGG% TTAAACCCCAACCTCTACTTTTATAAC%
Rasgrf1%DMR% YNQ[ZMNVR]PO\T' GGTGTAGAATATGGGGTTGTTTTATATTGT% CAATATAAAACAAAAACAACAATAATAACT%
Peg3%DMR% YNQ[ZMNVR]PO\T' TTGATAATAGTAGTTTGATTGGTAGGGTGT% ATCTACAACCTTATCAATTACCCTTAAAAA%
Gtl2%DMR% YNQ[ZMNVR]PO\T' GGATTAGTTTTTTTGTGTTAAGTTTTAGAG% TAAAAACTATCACCCCCACATAAAATACCC%
1 30 
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6 6.# ./+!2#35-'4/+) #
WX]J'
TU]S'
WX]' &'
24%
J'
/ (%)%
' 	)(*' 51,0 )(*'
5.0,0' 129F96.% 208% 187%(89.9)% 175% 54%(30.9)% 11%(6.3)%
E16.5% C57BL/6F96.% 326% 298%(91.4)% 270% 79%(29.3)% 2%(0.7)%
' 129F96.% 390% 338%(86.7)% 327% 114%(34.9)% 6%(1.8)%
E17.5% 129F96.% 152% 144%(94.7)% 100% 81%(81.0)% 2%(2.0)%
=-,0' 129F96.% 148% 95%(64.2)% 74% 24%(32.4)% 7%(9.5)%
%
1 30 
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6 7.# !2#35 DMR DNA"/+%&9 #
#!'
)?BECDDC J 6 *'
4:>'
TU]SJ'
)2;<A2*'
E15.5 vs. E16.5  E15.5 vs. E17.5  E16.5 vs. E17.5  
87+4:>' <%0.005% IG' <%0.005% <%0.005%
'4:> <%0.05% IG' <%0.05% <%0.05%

	'4:> <%0.001% IG' <%0.001% <%0.001%
Ɩ 3Ɣ 
 51 
 
 
 
Û 4. ĿƋƒ+ïȈRJzp  
A) ſ);R\zQ+¶ƚÈƝư9ňƏŊ?Ź
%KwzxƮ(E9.5)?®
DMR+ DNAqYuÀ8.Dxitx^ǪèƀŴ?ǅł!ňƏŊź
ŁKwzxƯ,_`zƝưMcp+Dxitx^Űė?Ģ;'Ɖ9<%
A"
B"
Ɩ 3Ɣ 
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;[Lee et al., 2002; Obata and Kono, 2002]+ěŽ*ř'DMR+ DNAq
YuÀeWzx'Dxitx^ǪèƀŴeWzx9ŭĒDxitx^*Ƕ
;ƛơƁēß?Ċ;'&;B) ĿƋƒ*;ïȈĴŚ8.ŀı*$

%+ŏĂÛ¶ƚÈƝưźŁƮ8. IVFźŁƮ(Nx^wzu)? E9.5&
ǅł!
<+àÐ6(129xJF1)F1+ǪèÝ?Ģ#%
!(!"#128.
#13+3(C57BL/6xJF1)F1) 
Ɩ 3Ɣ 
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Û 5. ŷŕƴęŧŠ9+ňƏŊŹ¶ƚÈƝư+ǩĠ  
A) ¶ƚÈƝư,Ɲưǖ8:6ƝưňÄ5;Řųȉ9*ůĎƁ)ǘ
(BwzjZ_å)'ňƵ(BwzjZ_ú)?Ļ;!5ŷŕƴƝư'óĸ*Á
³ÎƱ&	#!B) ¶ƚÈƝư,ǿþ*ņǙ&ƝưƅĆ(1015 µm)8:6ú

©Ć 57 µm+nDKwglZ^&óĸ*gZKBZi&!C) ŷŕƴ
Ɲư?ÑglZ^&gZKBZi;'ƝưĢ$ŮŶƁ)·Ē+!5*g
lZ^¥ƕ*ƈ!P = ¶ƚÈƝưS = ŷŕƴƝưBar = 20 µm 
Ɩ 3Ɣ 
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Û 6. E16.5¶ƚÈƝưźŁKwzxƮ8. IVFźŁƮ  
KwzxƮ,å'ąė< <ſ)#%
!§%+Oxiu&ďƶ
+Ȋ¿?ƌǌ!KwzxƮ+}*ǈ!įé,+Û+OxiužÏ*
÷Đ%
; Bar = 500 µm 
Ɩ 3Ɣ 
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Û 7. ſ);ƀŷR\zQ+¶ƚÈƝưźŁKwzxƮ*; IG-DMR
+ DNAqYuÀų(A)8. Dlk1Gtl28. Rian+ƀŴǱ(B) 
Ɩ 3Ɣ 
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qYuÀ8.ƀŴ]zW*ƽǈ<%
;įé,Ʈ+OxiužÏ?ƍ
(}+Û*
%6Ñō)A) E15.5¶ƚÈƝưźŁKwzxƮ+0%*

%2! E16.5¶ƚÈƝưźŁKwzxƮ+ 4Oxiu(#1114),*ǿq
YuÀŰė?ƍ!#15,ǵÝqYuÀŰė?ƍ#168. 17,ȉqY
uÀŰė?ƍ!§%+ E15.5¶ƚÈƝưźŁKwzxƮ,ì§*qYuÀ
Űė?ƍ!B) Dxitx^Ǫè+ƀŴeWzx, DMR+qYuÀŰė'
ƆǶ%
!E15.5&,Meg(Gtl2Rian)¤)ƀŴ?E17.5&, Peg(Dlk1)¤
)ƀŴ?ƍ!E16.5&, DMR+qYuÀŰė'{Ʒ%äō)ƀŴeW
zx?ƍ!dz+|+BRWtRK,ƀŴǱŘ(Peg:Meg) IVFƮ'åÿ*
ſ)#%
;'?ƍ(Dunnett+äǰŘǜ)+'#17,ã< &	#!!
5ơǇǅł9ǹã!(Grubbs+ã< ŋîPȍ0.01)Gszdz,ŎťǍý
?ƍ 
 
Ɩ 3Ɣ 
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Û 8. ſ);ƀŷR\zQ+¶ƚÈƝưźŁKwzxƮ*; H19 
DMR+ DNAqYuÀų(A)8. H198. Igf2+ƀŴǱ(B) 
Ɩ 3Ɣ 
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A) H19 DMR+DNAqYuÀŰė,Û 7A&ƍ! IG-DMR'ǿþ*ȅ%

!E15.5+¶ƚÈƝưźŁKwzxƮ+§Oxiu8. E16.5+ 4Oxiu
(#1114)+ H19 DMR,ǿqYuÀŰė?ƍ!#15,£*qYuÀ?ƍ
#16,ȉqYuÀŰė?ƍ!E17.5+§Oxiu,ì§*qYuÀ<%
!
N.A. = not analyzedB) H19 DMR+qYuÀeWzx9Ĕ<!Ǥ:E15.5
źŁKwzxƮ+§% H19'+ Igf2+ƀŴ, H19¤)ƀŴeWzx')#
!E16.5źŁKwzxƮ&, DMR+qYuÀŰė'{Ʒäō)ƀŴe
Wzx?ƍ!(ƠŃ8.ƪõÊŪ)ĔǤ:E17.58. P0.5źŁƮ&
, Igf2¤)ƀŴeWzx?ƍ!dz+|+BRWtRK,ƀŴǱŘ
(Peg:Meg) IVFƮ'åÿ*ſ)#%
;'?ƍ(Dunnett+äǰŘǜ)G
szdz,ŎťǍý?ƍ 
 
Ɩ 3Ɣ 
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Û 9. ſ);ƀŷR\zQ+¶ƚÈƝưźŁKwzxƮ*; Rasgrf1 
DMR+ DNAqYuÀų(A)8. Rasgrf1ƀŴǅł(B) 
A"
B"
Ɩ 3Ɣ 
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A) E15.58. E16.5źŁKwzxƮ(IG-DMR8. H19 DMR&ȉqYuÀ
?ƍ!Oxiu(#16)?Ó4(Û7A8.8A))&{ǒ!ǿqYuÀŰė?ƍ
!E17.5źŁKwzxƮ,ì§*qYuÀŰė?ƍ!N.A. = not analyzed
B) E9.5Ʈ7ĚƞƦ*; Rasgrf1+ƀŴǅł (129xJF1)F1źŁ IVFźŁ
E9.5Ʈ8.Ěǻ+Ƴ7Ƭƶ+ RNA*$
% RT-PCR?ïĵ!Rasgrf1
+ƀŴ, 355 bpActb(β-actin), 222 bp?ƍ+,ǢǚªǯƜĻ:8.-,ũ
+ cDNAÐĚ+ƠŃ?ƍ%
;Rasgrf1,Ě+Ƴ&,ƀŴĚ+Ƭƶ
6, E9.5Ʈ&ƀŴǂ9<)#!+ŭĒDxitx^Ǫè',ſ
):Rasgrf1ƀŴ, E9.5Ʈ&ŋ®<)#!!5Rasgrf1+îǱ RT-PCR
,ïĵ)#!
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Û 10. ſ);ƀŷR\zQ+¶ƚÈƝưźŁKwzxƮ*; Peg3 
DMR+ DNAqYuÀų(A)8. Peg3+ƀŴǱ(B) 
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Peg3,ŗĒDxitx^Ǫè&	;!5*§%+R\zQ+KwzxƮ&
Peg3 DMR+ǿqYuÀŰė' Peg3+ȉƀŴŰėƍ<!(B)*;dz
+|+BRWtRK,ƀŴǱŘ(Peg:Meg) IVFƮ'åÿ*ſ)#%
;'
?ƍ(Dunnett+äǰŘǜ)Gszdz,ŎťǍý?ƍ
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Û 11.  
 
Û 11. ſ);ƀŷR\zQ+¶ƚÈƝưźŁKwzxƮ*; Gtl2 
DMR+ DNAqYuÀǅł(A)Gtl2 DMR ' IG-DMRǵ+ƆǶ¯ł(B)
Ɲư(Tu^tƝư)źŁKwzxƮ; Gtl2 DMR+ DNAqYuÀǅł
(C) 
A"
B"
B" C"
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A) Gtl2 DMR +qYuÀvku, IG-DMR 'ȉā*ƆǶ%
!N.A. = not 
analyzedB) E16.5¶ƚÈƝưźŁKwzxƮ+ IG-DMR' Gtl2 DMRǵ+qY
uÀŰė*Ļĕ)ƆǶǄõ<!(r = 0.97; Pȍ1.82107Pearson+ƑųƆǶ
į)C) §%+Tu^tƝưźŁKwzxƮ,ŭĒBvu&ì§)qYuÀ
ŗĒBvu&ǿqYuÀŰė?Ǆõ<,Ĕ<!ƝưÝ+qYuÀŰ
ė?ƍ! 
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Û 12. ¶ƚÈƝưźŁKwzxƮ*; Igf2rƀŴǱ  
Igf2r,ŗĒDxitx^Ǫè&ĔǤ:<9+Ư&,1'@(ƀŴ?ƍ
)
£*ƀŴ?ƍ!dz+|+BRWtRK,ƀŴǱŘ(Peg:Meg)
IVFƮ'åÿ*ſ)#%
;'?ƍ(Dunnett+äǰŘǜ)Gszdz,Ŏ
ťǍý?ƍ 
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Û 13. ňƏŊ+_`zƝư'%Ź
9<!¶ƚÈƝư+ DNAqYuÀŰ
ė  
primary DMR+ƽ'% IG-DMR?secondary DMR+ƽ'% Gtl2 DMR
+ǅł?ƻ#!¶ƚÈƝư*; IG-DMR+ DNAqYuÀŰė,ƀŷ*
#%á»E17.5&ì§)qYuÀ?ƍ!÷ŪƁ*Gtl2 DMR,
<
+R\zQ&6qYuÀŰė?ƍ! 
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Ɩ 4Ɣ  
Ƥǎ  
                                    
	
 
 ĿƋƒ&,<2&+nERƝưňƏŊKwzxĞƼ8:69*ïŹƁ
*Ź
;!5+ňƏŊPR\p+Ōƙ?ƄģľŉƺŵƝư?Ź
!ĳ!)
ĚŚ+Ǵƀ?ƻ#!+ƠŃčǱƺŠȋ1545 µlȌ*źŁ;nERľŉƺ
ŵƝư?Ź
%KwzxŸŲĊ®Ł;'?²5%Ǌķ;'*Ěº!
ĿŚ,ãÍƚ7ȄčĤƚ+8)ŷŕƾ¼ĞƼ*8#%êyƣĢ;'
ÚǾ)Ǔǰ)nERƛơ?ǀƿ;!5*Ź;'ļć&; 
 ŷŮyÂëƋƒ*
%ǪèīânER,6,7Œ)
6+'%
ä+ïȈ¿ŮĵǉË.Ƌƒð&Ȇƭ<%
;Ǔǰ)nERƛơ~æy
ĭ)(+Ŷź*8:+ƛơǣƢ*);'6Ĕî<;ÆőØ
ǫ+ǄŨ9Ǯ¢è7Ư+¬ƠêĞƼ,Ą¹)[zu&	;[Ostermeier et 
al., 2008]åǃŏ)Ȇƭĵǉ&,ƛơįä
àÐ*§%+ƛơ&dZKBZ
i?Ì;*,ĝǵ:ŷ*8;ƣĢ*ȃ9;?Ċ)
'	;ï
Ǻ*ƛơĲƢ*)#!àÐãÍƚ7ȄčĤƚ,?ƣĢ;!5
+Ļ¾)ĝŖ'%ƪ9<;[Ogura et al., 2005]ÍƚÎƱ)ƚü|ûǭƚ
èêÜ)
'*,ãÍƚ?ƻ',Ǿ
ȄčĤƚ,Ěūƚè+
3)9ĽĚūƚèƝư?´Ź%Ÿ?ŲĊ;'ÎƱ&	;ĽĚ
ūƚèƝư9êÜ)
ǻ7ǽ*
%,ȄčĤƚ8:6ňƏŊKwzx?
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Ź
!+ČŝĻ¾&	;_`znER9ǿǁƁ**
ƺŠ?ĦÌ&;!5vPgGx^Çè?Źĕ;!5+ǨĥÇ­Ŷ*;
3Ķ?ć$+3&ňƏŊ?ïĵ&;+6´Ũ&	;2!Ƨ:ǠƺŠ?Ħ
Ì;'&;!5_`zŷ%
;Ǹ:ňƏŊ?ƻ'6&
; 
 ǟĀCRISPR/Cas9McpƥǼPR\p?Ź
!ǪèīânERƛơ+®
ßÔ<![Mashiko et al., 20014; Wang et al., 2013]f^ U6mtqszU III
iwrzWz9ƀŴ<; guide RNA' Cas9WxeKǖ+¨ƀŴ?;kK
Wz?ÍƚÇ©&ƀŴ;'*8#%®;Mcp DNA|+WzMZ
^Ǯ±+ 3'ľƕ¡*êÜ; PAMǮ±ȋNGGȌ?ƄÅ'%Cas9WxeKǖ
,WzMZ^Ǯ±*ƆƾƁ) gRNA 'ǀÐ?ąĚ%WzMZ^Ǯ±?ǌǑ
PAMǮ±8:|Ş+Ŀý DNA?°Ĳ;°Ĳ<!Mcp DNA
Č2!,ƞ3Ĩ<;'?´Ź%cZKBE^7cZKDxƛơnER
+®ÎƱ');[Gaj et al., 2013; Hsu et al., 2014]+ĴŚ,<2&+
DNA¶ňŜ¦Ś7 ESƝưJqs?!ĴŚ*Ř0Ǫèīâƛơ+®¾
ųƸĹǵ69)
+',Ǫèīâƛơ+®ǿþ*ĝǛ*
)#!'?ĕÕ%:ĈǪèīânERƛơ,ŬƀƁ*á;'
ţ<;ĿƋƒ&Ǵƀ!ľŉƺŵƝưźŁKwzx,Ǫèīâƛ
ơhAExXznER+ǀƿ7 SPFÀ)(Ɨ/+´Ź6ƪ9<Ĉ+ïŹƁ
)´Ź*ļć&;&	= 
 nER+3)9ō)¿ŮƐ& CRISPR/Cas9McpƥǼPR\p?Ź
!
ǪèīâßÔ<%
;[Gaj et al., 2013]ů*<2& ESƝư+ŐƓ
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ÚǾ)¿ŮƐ7ŷŕƛ±*ô*
 ESƝư&	#!àÐ*+
CRISPR/Cas9McpƥǼPR\p,ĻŹ&	;<2&òż*
%,ňƏ
ŊĞƼ*8#%Ǫèīâ¿Ů?®;ěŽŹ
9<%!Ĉòż*

%,+ěŽ, CRISPR/Cas9McpƥǼPR\p*â>;6<)
 
 
	
 
 ĿƋƒ&,ňƏŊĞƼ?Ź
!GgQFb\CKRƋƒr]u?ƾĄ;!
5*McpDxitx\CxL*ƈƄnERǻĒŷŕƝưȋ¶ƚÈƝưȌ
?_`z'!KwzxƯ?ǅł;'&ŭĒDxitx^+ƌƓ*$
%8
:ǋƝ)qIaSp?ǂ®'6Ƅģ!+ƠŃ§%+ŭĒDxitx
^ȂÞ*;Dxitx^,E16.5+Ɗ
ǵļǵ?Ɵ%E17.5&ì;
'?ƍ!9*Rasgrf1 DMR,+ 2ȂÞ8:6Dxitx^+ƌƓ
£*ǧ<;'?ƍ!2!IG-DMR,Ã&+ȂÞ©*êÜ;Dx
itx^Ǫè?µċ;H19 DMR+3&,Dxitx^Ǫè?µċ)

ÎƱĒƍÖ<!ÍƚĈ*qYuÀ?ŲĊ; secondary DMR'%Ɖ9
<; Gtl2 DMR,+|Ş*êÜ; IG-DMR*ĉ#%qYuÀ?ŲĊ;ÎƱ
ĒƍÖ<! 
 |+Ơǎ,¶ƚÈƝư_`zƝư'%´Ź!ňƏŊĞƼ*8#%+3
Ǆõ&;ƠŃ&	;<2&+ǅłŚ&,¶ƚÈƝưǼÙ*8; DNAqY
uÀǅł*8#%+3³+ DMR+qYuÀŰė?Ǆõ;*Ǩ)#!
ňƏŊKwzx?Ź
;'&Ã{Ɲư©+< <+ DMR+ǶĒ?ƍ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'®Ł!9*¶ƚÈƝưźŁKwzxƮ+joqYuÀ DNAǄ
õ<!'6ňƏŊ*8#%6!9<!ƠŃ&	= 
 nERƝưňƏŊKwzx*
%<2&ō)GgQFb\CZKſ
þŷ;'ķ9*<%%
;-<2&+Ƌƒ&,XŅ
ƹ~ŝĒÀ*Ƕ>; Xist+ſþ)ƀŴňƏŊKwzxƯ+ƀŷų?ƍ%

;'cZKBE^8.cZKXEx?Ź
!Ƌƒ*8:ķ9*<%

;[Inoue et al., 2010; Matoba et al., 2011]+ſþ) XistƀŴ?Ǣĝ*':ō
)ƀŷR\zQ+ŷŕƝư?_`zƝư'!ňƏŊźŁƯ+ XistƀŴ?ǅł
;'&Dxitx^Ý XŅƹ~ŝÀ?6!9Dxitx^+ƌƓ8.
şÉ+WDoxLķ9*<%
;[Oikawa et al., 2014] 
 9*ƝưKwzxƯ*fR^xƲBTYuÀǯƜǷñ¸ȋHDACiȌ?
Ź;'KwzxƯ+ƀŷųÒ|;'Ɖ9<%
;[Kishigami et al., 
2006]ĿƋƒ*
%6+ĴŚ?Ź!<, HDACi*8#%Kwz
xƯ+fR^xBTYuÀvku?ȉƠŃ'%ſþ) DNAqYuÀ?
ğµ;'&²ļÀ8.œþ)ǪèƀŴǥ!!5'ħõ<;
[Kishigami et al., 2006]$2:KwzxƯ&,ſþ)fR^xƲBTYuÀ?ŷ
%
;'ƪ9<;|?ƪĘ;'ƝưňƏŊKwzx&Ǆõ<;
ſþ)GgQFb\CZKŰė'<*8:ăǗ<;ƽŴÝ?ǅł;
'&ō)µċőŌ?ķ9*;'®Ł;'ħţ&;<,ïŹ
ÀȀ&,]qtZ^*);GgQFb\CKRǅłƛ'%,ǿþ*Ļ´)
Ũ&	;¶ǡ+ Xist+ſþƀŴ?ƾœ;ĴŚ7 HDACi?Ź
;ĴŚ&Kw
zxnER+ƀŷų,åÿ*ī×<$$	;Ľ"ƮƃǨąĚ7Ǐſþ+
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ƽŴÝ,ǅş<%
)
Ĉ+ƽŴÝ?ăǗGgQFb\CKR
?ǅł;'&ïŹÀȀ&6åǥŔ;"= 
 |+8*ĿƋƒ*
%,ňƏŊĞƼ+ĳ
ïŹƁ´ŹŚ+ÎƱĒ?
ƍ''6*+GgQFb\CKRƋƒ/+ĐŹ+ĕƩ?ȉ5;'*Ěº
! 
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ǏǞ  
                        
 ĿƋƒ?Ǧƻëǎİ?2'5;*	!:ä+Īĩ'ģù?Ǖ:2
!ģùĮí&	;úŢǬ¥ŷȋƘśåëŷŮǔŤƎëƋƒƎŷŮőƱƎëøĬ 
ĮĤyŶÀëƋƒĜdDHtVzRTxWz ðǳȌ*ď9ĖǏŻ|2
Ĺ*Đ%Ŧ½?ȁǝġĄģùȁ
!'šĖǏŻ|Ĉĺ
);Ƌǲ?Ƒ@&Ê:2 
 ëǎİöŇ*
%Ǔǰ)ģù'¼ǆ?ȁ
!ȇàđ¥ŷȋƘśåë
ƘśåëŷŮǔŤƎëƋƒƎŷŮőƱƎëøĬ ĮĤȌńÈƇ{¥ŷȋƘśåë
ŷŮǔŤƎëƋƒƎŷŮőƱƎëøĬ «ĮĤȌ|Ǔƨè¥ŷȋƘśåëŷŮ
ǔŤƎëƋƒƎŷŮőƱƎëøĬ «ĮĤyŶÀëƋƒĜdDHtVzRTxWzȌ
*ď8:ĖǏŻ	2 
 ĿƋƒ?Ǧƻ;*	!:¨ ÑƋƒƫ?ç5ä+Ĵ*¼¹?ȁ2
!Ƃō*ǐ@&ĖǏ+ĕ?ƽ2
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